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Preface 


Water will determine if India becomes wealthy nr remains poor. flut the 
management of water is not simply about building more dams or pipelines to 
take the water to our cities and pipelines to flush the waste from our homes. 
The management of w r ater is about building the relationship of society with 
its water, so that we can understand the value of each raindrop and 
understand that unless we are prudent, indeed frugal, with our use of this 
precious resource, there will never be enough water for all. 

Water management is then ah nut society and its ability to create technologies 
to maximise the use of water and more importantly, technologies to share 
water with all, It is for this reason that we must re- 1 earn the water wisdom of 
the past, In the late 1990s, CSE published its book Dying Wisdom.- The Rise, 
Fall and Potential of India's Traditional Water Harvesting Systems, which 
documented the extraordinary wealth and ingenuity of its people living across 
different ecological systems to manage water. The systems ranged from ways 
of harvesting glacier water in the cold deserts to delivering water with 
precision over long distances through bamboo drip irrigation systems in the 
northeastern liills of India. 

The kundi of the hot desert of India incorporates the simplest of technologies 
Tor powerful impact. Rain is harvested on an artificially created piece of land, 
which is sloped towards a well to store precious water. The water maths is 
equally simple; As little as UK) mm of rainwater harvested on 1 ha of! and will 
collect 1 million litres of water in this structure. On the other hand, in the 
other regions of the country, people harvested Hood waters. 

In other words, people had learnt, to live, with the excesses of water, and with 
its scarcity. They all worked on the principle of rainwater harvesting in a 
country which gets rain for only 100 hours of the 8.760 hours in a year. They 
knew' that all the rain of the year could come in just one cloudburst. The 
solution was to capture that rain and to use it to recharge groundwater 
reserves for the remaining year. The answer ultimately was to use the land 
for storing and channelising the rain - over the ground, or under. Catching 
water where it falls and when it falls. 

'Mils tradition of yesterday has crucial relevance in today and tomorrows 
urban India. Today, our cities get their water supply from further and further 
away - Delhi gets Ganga water from the Tehri dam, Bangalore is building the 
Cauvery TV project, pumping water 100 km to the city, Chennai water will 
traverse 200 km from Krishna river, Hyderabad from Manjira and so on. The 


point is that the urban- industrial sector's demand for water is growing by 
leaps and bounds. But this sector does little to augment its water resources, it 
does even less to cons ervc and minimise its use. Worse, because of the 
abysmal lack of sewage and waste treatment facilities, it degrades scarce 
water even fur tiier. Groundwater levels are declining in urban areas as people 
bore deeper in search of the water that, municipalities cannot supply. 

In this way, water scarcity grows. The real tragedy is that w r hen it. does not 
rain, a city cries for water; when it does rain, it cries again because of Hoods, 

in new Judin, the water imperative is that cities must begin to value their 
rainfall endowment. This means implementing rainwater harvesting in each 
house and colony. But it also means relearning about the hundreds of tanks and 
ponds that built, indeed nourished, the city. Almost every city had a treasure of 
tanks, which provided it the important flood cushion and allowed it to recharge 
its groundwater reserves, Bui urban planners cannot see beyond land, So, land 
for water hits never been valued or protected. Today, these water bodies are a 
shame - encroached, full of sewage, garbage or just filled up and built over. The 
city forgot it needed water. It forgot ils own lifeline. It lost the knowledge of how 
to value the raindrop. 

Builders and architects have simply never been taught how to hold water. 
They have been trained to see water as w r aste and to build systems to dispose 
it as fast as possible. Of course, given the sheer mess of urban India, oven the 
stormwater drains (where they exist) have become conduits for sewage or are 
choked. A whole generation of Indians w r ili have to be retrained to understand 
water once again, it is s:id how quickly a society can forget its own wisdom. 

It is this wisdom, this knowledge that needs to be rebuilt. Our effort in 
publishing this toolkit is to retrain and reskill a generation of Indians who 
have lost touch with nature's most precious gift - rain. My colleagues have 
documented experiences of individuals, communities and building 
associations. Most importantly, they have documented the new innovations - 
from the design of filters to rainwater harvesting stmtps. This innovation is 
what society needs as it rebuilds Us knowledge of living with nature. We 
believe this re -skilling will happen only when the community of knowledge 
seekers and innovators can learn from each other. Build a new science and a 
new art - together. 

1 hope that lids toolkit on urban rainwater harvesting will build now 
experiences and new learning, f-njoy the ‘magic’ of making rainwater a part 
of your life, 
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Foreword 


Since iho 1990s, {lent re for Science and Environment (CSE) has been 
advocating that we should learn from our traditions to develop new 
approaches for managing modern-day water needs. Using its publication 
Dying Wisdom (see Preface). CSE launched a campaign to ‘make water 
everybody's business’ - the premise was that every person can manage 
her/his water needs by using the traditional and simple technology of "catch 
water where it falls”. 


The idea caught the imagination of the people; their interest and support, in 
turn, pushed the government to pay attention. Today, everyone, from the 
common man to ministers, are talking about rainwater harvesting. Rainwater 
harvesting is on the political and policy framework of the country. 

CSE began with a simple campaign strategy - to make households, industries, 
institutions, villages and urban mohallas, all recognise the importance and 
value of rainwater harvesting. We produced simple literature and organised 
dozens of meetings to explain the principles and practice of rainwater 
harvesting. In Delhi, we collaborated with citizens to build model institutions. 
These model projects show people how rainwater harvesting is done. The CSE 
building, for instance, eapturcs every drop of rain that falls on its premises. 

Once people are interested in the idea, they then want to know how to do it. 
We provide free technical guidance to citizens every week. We regularly 
conduct workshops for builders, architects, water administrators and other 
groups to acquaint them with water harvesting technologies. We collaborate 
with local agencies to help them set up resource centres that are a repository 
of information on water harvesting. These 'Rain Centres,' as we call them, 
have live demonstration facilities to show how w r ater can be harvested in an 
urban context. We have produced manuals to help citizens implement 
rainwater harvesting in their houses or offices. 

CSE water researchers have scoured the country to identify good examples of 
urban rainwater harvesting efforts. We wanted to see what has happened to 
the idea we had sown way back in 1 99f>. We were blown away by w'hat we 
saw - Iho sheer dedication and the innovation of ordinary people was awe* 
inspiring. We saw' how rainwater is being used to address a variety of water 
problems - to supply water to balwadis in slums, to improve water quality, in 
provide high quality water for cooking and drinking, to reduce water bills, in 
general, to provide water security. There w r ere examples of ordinary citizens 
having come together to regenerate community water assets such as temple 
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tanks and urban lakes. We also came across entrepreneurs who are 
manufacturing filters and other components and consultants who help 
citizens implement rainwater harvesting. It was really heartening to see that 
in several cities, mainstream architects have branched off into designing 
water harvesting and wastewater recycling systems. 

The government has done its bit to help citizens implement rainwater 
harvesting. There are municipal bye-laws in many cities that make it 
mandatory to make rainwater harvesting structures an integral part of the 
building. Some cities also provide incentives - Delhi and Indore, to name a 
few. We also came across a bank, the State Bank of Hyderabad, that provides 
loans Tor building rainwater harvesting structures. Legislators use MLA or MP 
funds to help implement rainwater harvesting. 

All this is good, hut is it enough? Much more can be done and should be done 
by the government. Citizens are contributing more than their share. It is lime 
that municipal and other government bodies made determined efforts to 
regenerate every urban water body, hold rainwater in every urban green 
space and harvest rainwater in every government building. If we have to 
make our cities Bain Olios, the government needs to step up to the next level 
of harvesting and holding all the water that falls on our cities. 

We are grateful to all those who have shared their case studies with us, 
patiently answered all our queries and provided data, drawings and 
photographs. We had collected more than 80 case studies from across the 
country, but could not use all of them due to paucity of space. The remaining 
case studies will be put up on our website . 


Gita K a varan a 
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Introduction 


The art and science of catching water where it falls is 
ancient wisdom, but one which is dying. Traditionally, 
most Indian cities had developed an intricate system of 
harvesting rainwater through tanks and lakes. Urban 
water bodies served to soak up rainwater in the cities 
and were the primary sources of water supply. In cities 
on riverbanks they served as flood cushions and in 
deltaic cities like Koikata urban water bodies served as 
a means to treat wastewater. 

The technology of rainwater harvesting has been 
used since ancient times but is today ignored in favour 
of modern systems, only a couple of hundred years 
old. There has been little effort to study and improve 
the technology despite its great potential to provide 
water on a sustainable basis. !n urban areas, rainwater 
falling within individual houses, mainly using rooftops 
as catchments, can be harnessed. 

If we can revive this traditional wisdom of catching 
and using rainwater and reinforce it with modern 
science and technological inputs, we can surely 
address modern day water problems. Rainwater can be 
collected from rooftops of buildings, playgrounds and 
parks, roads and flyovers and urban forested areas. 
These diverse forms of rainwater harvesting serve 
different purposes ranging from drinking, non-potable 
uses, groundwater recharge, to address flooding and 
to improve quality of groundwater. 


CATCH WATER 

Centre For Science and Environment 





• Most cities in India have to deal with depleting water supply, 
marked by falling groundwater levels, vanishing water 
bodies, severe pollution and urban floods 

• With their own supplies drying up, cities are forced to source 
water from further and further away. This is expensive 

• City planners usually ignore a powerful source of water that 
they can have easy access to - rain 

• Rainwater and run-off can be harvested on the simple 
premise of 'catching water where it falls'. It can be collected 
and stored, or conveyed to the aquifer to recharge 
groundwater 

© Rainwater harvesting (RWH) is gradually being taken up by 
citizen's groups and municipalities aided by legislation that 
makes it mandatory. The first such legislation was laid out 
for the city of Chennai after the drought of 1992-93. Detailed 
specifications for structures were published hy the Madhya 
Pradesh government as early as 1984 

A prospective rainwater harvester has help on hand. Many 
municipalities have RWH cells which provide information and 
technical advice, financial assistance under the jawa hartal 
Nehru Urban Renewal Mission is available. Small personal 
loans too can be availed 

• A fresh multi-pronged impetus is necessary to take RWH 
forward: pricing Incentives for RWH, disincentives to 
discourage water wastage, regeneration of water bodies, 
RWH in public buildings, colonies and green areas 
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Urban India's water crisis 


Water 1=5 what urban India is fighting for today. Cities across the country - from Chennai in the 
south tii .Shim hi in the northern hills, from Kajkol in the west to CherrapLtnji In the m nth- east - 
are facing l tie crippling effects nf acute water scarcity. 

There is hardly any city that can boast of a 24-hour water supply {see Table 1,1: kVfaftfr 
availability l, Groundwater tables are falling rapidly, centuries- old water bodies have 
disappeared or are severely polluted, and urban floods are becoming a regular phenomenon 
during monsoons. In addition to this, most of our rivers have become carriers of urban filth. 

This scarcity-pollution tango is giving rise to a nightmarish scenario in which urban 
populations - mainly the urban pour - are at the receiving end. S.et us take a look at the various 
facets and factors that are fanning tins crisis. 


Table 1.1: Water availability 

Sharp tall m two ciecades across Indian cities 


City 

Early 1980s |hre/day) 

Early 1990s (hrs/dayi 

Early 2000s (hrs/dayi 

Chennai 

10-15 

8-10 

L5 

Yisftakapatnam 

2fr24 

IMS 

14 

Hyderabad 

15-24 

1-5 

14 

Bengaluru 

20-24 

5-10 

24 

De?hi 

10-12 

BT0 

1-2 

Bfeopal 

8- 10 

4$ 

1-2 

Rajkot 

1-2 

t 

Half an hour on attem&te day& 


Sources: Admmistrathre Sratt C oiSegp fit Hyderabad & Centre for Science M Environment. New Delhi 


A DESTRUCTIVE URBAN WATER PARADIGM 

How do modern cities source and use water? Our planners don't make rate -friendly cities. Most 
of the ruin that falls in cities is allowed to drain away as run-off: this rain could have recharged 
the ground water. buL with the increase in built-up areas within cities, the land available for 
recharge is getting drastically reduced, even as the groundwater is heavily abstracted. 

This situation is worsened by tho extraordinary value attached to real estate, resulting in the 
conversion of natural recharge areas such as lakes, ponds and wetlands into built-up areas. 

While tile rainwater is thus wasted, city administrations go to great efforts to bring water at 
a huge cost through pipes and tankers. Mucin of this water is abstracted from far-off areas - 
giving rise to potential points of conflict with the users of litis water in those places {see Bos: 
Witter from afar). 

RAPID URBANISATION 

India's urban population has grown almost five times between 1951 and 2001. By 202G. an 
estimated 3S per cent nf the total population will he urban. 1 As a result, there is tremendous 
pressure un all resources, including water. Cities arc demanding and consuming more water, 
and also wasting a lot of it in the process. 
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Water from afar 

Metropolitan titles free! o ad on their hinterland 

The Delhi government goes far into the neighbouring states in search of water (n addition to 
taking out all the water from the Yamuna that flows through the city, more Yamuna water is 
brought through the Western Yamuna Canal from Harthnikund/fajewala in Yamuna ttagaf district 
of Haryana state. Water is also obtained from the Ravi -Be as storage at Bhakra dam in the Punjab, 
from the Bhagirathi river storage atTehri dam in Uttarakhand, as well as from the Ganga through 
the Upper Gang a Canal in Uttarakhand and Uttar Pradesh, All this is stiH not enough. Groundwater 
is also abstracted both by the Delhi Jaf Board as well as by residents. 

Similarly, Chennai brings water from Veeranam lake, Mumbai from Vaitama and Bhatsa, Indore 
from the Narmada river and Jodhpur from the Indira Gandhi Canal, 

Figure: Distant water sources 



Mure consumption means generation of larger volumes of wagin' water. An estimated 80 per 
cent uf the water we use is discharged as waste water. Govern menLs are simply falling to keep up 
- both with the demand for freshwater and the need for treating wastewater. Unmet demand 
results in increasing withdrawals from the ground isee section on groundwater befoul , while 
untreated wastewater pollutes surface water sources as well as groundwater. 

WATER POLLUTION IN URBAN AREAS 

In 1978-79, India produced 7 billion litres a day IBID) of sewage*. Within 20 years, this had 
increased nearly five-fold to 38 BID, But the treatment rapacity is a meagre 12 BLD 3 . The 
untreated sewage goes back into the rivers which are also the sources of water for the next city 
or town downstream. As a direct result uf Lhis H the quality of groundwater is also detori orating, 
with problems ranging from excess of nitrate and total dissolved solids I TBS) to arsenic and 
lluu ride contamination Isee Box: Potable groundwater 1. 

Besides rivers, most other surface water bodies - lakes, ponds, wells - have also become 
receptacles for urban sewage, and are disappearing. We searchers at the Indian Institute of 
Science, Bengaluru, have determined that their city had 5 I lakes in the early 1970*;; by the end 
of Lhe century, fids number bad plummeted to a mere 17, of which only 14 could be considered 
'alive’. 4 In Hyderabad, there were 932 water bodies in 1978; by 1996, 884 were Jell, 5 

In the case of Delhi, even determining Lhe number of water bodies Look some time, effort and 
coaxing by the judiciary Isee Box: Whither water bodies?). 
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Potable groundwater 

Rainwater is first collected and stored and subsequently used to dilute groundwater 

At Kokawad Ashram In Jhabua, Madhya Pradesh, a residential school for tribals, rainwater 
harvesting has been used to dilute the high fluoride levels in groundwater The rain falling on the 
rooftop of the school building is stored in a 75,-000 litre ferrocement tank and used for this purpose. 
The groundwater as well as the stored rainwater is pumped to overhead tanks where they are 
mixed and used for drinking and cooking. The diluted groundwater is potable, 

This is the simplest end most cost-effective way to address fluoride contamination. There are 
fluoride filters of various design, but these do not work on a sustainable basis since they require 
sustained monitoring and maintenance. In this scenario rainwater from storage tanks are 
increasingly being used to recharge shallow dugwelis. 



Whither water bodies? 

Delhi found it herd to telly numbers 

In 2001, the Delhi Municipal Corporation had come up with a Nsf of 177 water bodies in the capital; 
this contention was challenged, since an earlier report had identified 355. Subsequently, the Delhi 
High Court ordered a survey, which came up with a figure of 508 water bodies in 2002. However, 
there were several discrepancies in this list too. A new committee was formed for yet another 
survey, which showed that there were 794 water bodies in Delhi. 

But several prominent water bodies were missing even from this survey. A water body in Sainik 
Farms that was listed in 2002, for instance, was not included Fn the second list as the surveyors were 
unable to find it. A lake near the Indira Gandhi stadium was also massing. Over half of the natural lake 
of Mayapuri was found to have been taken over for construction of a common effluent treatment 
plant (CETP) even as the Public Works Department da imed that no such lake existed Fn its records. 1 


GROUNDWATER DEPLETION 


In cities across Lhe country - Chennai, Bangalore to KuLkam and Ahmedabad- rapid decline in 
groundwater levels have brought rm unanticipated problems. In Chennai, over- extraction ui 
groundwater in the MLnjur well field has resulted in rapid ingress of seawater, which extended 
from 3 km inshore in 1969 to 7 km in 1933 and 13 km in 2007* In Knlkatrt. reckless 
groundwater exploitation has changed the direction of the flow of the water and resulted So land 
subsidence in Lhe central and southern parts of the city. In Ahmedahad. groundwater levels have 
declined from leas Ulan 20 metres below ground level (m bgl) in the ]%fi« to more than 160 m 
bgl in 2003 (see Graph 1 1: Decline in groundwater level western periphery of Ahmedahad).* 

Graph 1.1: Decline Ifi groundwater level r western periphery af Ahmed eb ad 



160 


200 - 1 — ^ 

I Groundwater Fe^el <m bgl) 


Source: Perth ShaO 20DS, Strategy ic- '^vitalise urban water bodies: caw of semi-and Gujarat 1 , in territorial Institute tor iSeo- 
information Science and Earth Obteivjjtio^, The Netherlands, March 
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URBAN INDIA'S WATER CRISIS 



URBAN FLOODING 


While on one hand there is severe water shortage, on the other, cities are increasingly drowning 
under swirling fiend waters. In Lite last decade alone, a number of incidences of urban floods 
were reported - Mumbai {9h Alunedabad (7J, Chennai (6), Hyderabad (5J a Kolkata (5h Bengaluru 
(4) and Surat (3|.* 

In many cities, water bodies and natural drainage channels have been filled up and 
encroached upon, thus leading to flooding. Besides this, the crumbling drainage systems in 
many towns, built, many years ago, have not been expanded, modernised or maintained, This 
aggravates water-lugging and flooding and leads to health hazards in its aftermath. 

The ilood waters can be harnessed and used {see Box: .Vo mma flooding). 


No more flooding 

A bank shorn the way 

The Karnataka Bank branch in Kuvernpu Nagar, Mysore, used its basement for parking vehicles. In 
the rainy season, the basement would be completely hooded To address the problem, the bank 
built an underground tank to collect the flood water which was pumped out into the stormwater 
drains. 

To put the water to good use the bank authorities decided to recharge the aquifer with the 
collected rainwater and a recharge borewell was sunk within the lank itself, during the monsoon 
at least 10,000 litres percolates into the aquifer every day. As the water level in the aquifer rose, 
there was no flooding in the basement. The bank staff say that the quality of water from the 



UNDERPRICING IN WATER SUPPLY 

Supplying water Lo cities Is an expensive proposition - especially when we pay a pittance For Lhe 
water that wo gel. Tor instance. Chennai spends Rs 4,003 as annual operations and 
maintenance (O&M) cost per connection per year, but collects barely 25 per cent of that as 
revenue from every domestic connection per year. 

Similarly, Bhopal manages to collect only about 19 per cent of its O&M expenditure from its 
domestic connections. Municipalities also spend substantial amounts on capital expenditure for 
each connection, but charge very little. Chennai has an average capital expenditure (between 
2002-200fs) of Rs 10,080 per connection, but It charges only Us 1,930 for every new connection. 
Mumbai has a capital expenditure of Rs 3,790 per connection and charges a mere Rs 91 0 for 
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Graph 1 . 2 : Cast-tariff shortfall 
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Source: Aijwl«d from Bendmafkiny ami QztJ Book of vme* Miies Jn India, A$i$n Development £ank. n\Q? 



evwry new cotLueitkm (see Graph 1.2: Cost-tariff shortfall). 

Die distribution is as skewed an the pricing OfliriziJ supply rarely reaches ihe pcwr, and the 
bene fits of the low prices are usually reaped by the rich. 


WAY FORWARD 

Rainwater harvesting is an idea whose limr has come. Today, there is a groat deal of interest in 
society lo Lake responsibility for their water. There are innovations in rapturing and using 
rainwater in every rity. i he government too, is following the trend and has brought in. legislation 
and measures to cajole or force citizens to harvest rainwater. 

To cater to the modern day urban water demands of a growing urban population, cities have 
to use a variety of methods to harvest, store and use rainwater. From micro -catchments of 
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URBAN IN DIA’S WATER CRISIS 



rooftops to macro -catchments of urban takes, there a wide variety of urban water harvesting 
methods that, cities need to employ and maximise their water supply. At the household level, 
water harvesting can supplement existing water supply and reduce dependence on municipal 
supply At the city level, water harvesting will serve to maximise available water for supply, 
prevent flooding, and recharge the groundwater Therefore, water harvesting in urban habitats 
can be practised by households, factories, institutions and the governments 

Rooftop water harvesting affords an affordable means of accessing good quality water at the 
point of consumption, where the rontrol of (lie water supply lies at the user level. Rainwater can 
be stored for long periods without deterioration of quality as can he seen from the wide 
prevalance of storing rainwater in underground tankas in arid regions of Rajasthan and tiu jurat. 
In urban cities of Indi a today, whore multi* storeyed buildings are becoming the uorm, rainwater 
can be collected from the roof, paved and unpaved areas and recharged to the aquifer. 

The acute urban water scarcity has forced the government and the people to act. The public 
response to water harvesting has been positive all over the country. Concerned citizens across 
the country have also come together to protect urban lakes and water bodies in many cities. 
State governments and city municipalities have enacted laws and introduced incentives and 
other measures, which have served to encourage citizens to harvest rainwater. The city of 
Chennai, for Instance, was the first to put in place systems to ensure large-scale rainwater 
harvesting. Oth rt tiitias have i'ollowpd suit with similar legislation - 
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The fundamentals 


ftainwater harvesting fllWII) involves the capture, storage and use of rain writer and rmi-uJT Inr 
domestic or agricultural purposes. Essentially, KWH systems use the principle of conserving 
rainwater "where Jl rails', in the process recharging groundwater. 

hi urban areas, rainwater can he collected irtim the roof, paved and un paved areas nf a 
house, a block of Hats, a colony* a park, a playground, parking areas, schools, office complexes 
lakes and tanks. 

There are two ways of using the harvested rainwater, through 1 1 > storage in receptacles, and 
to (2) recharge into the aquifer, 

ELEMENTS: URBAN RAINWATER HARVESTING 

A few, basic elements are cummon to ail IIWU systems fsce I'jgure 2. 1 : Mode! of a simple RIVH 
system); 

1. the catchment area where the rain falls: 

2. the conveyance nr conduit system that channels the flow nf water in a given direction; 

3 ihn Jfrsf (a valve that ensures that run-off from the llrst spoil of rain is Hushed out and 

does not enter the system} and the filter system; and, 

4, the storage area, consisting of ianks/receptacles. 

5- the recharge area, whore the harvested rainwater is used to replenish lire groundwater. 


Figure 2,1; Model of a simple RWH system 
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CATCHMENT 

The catchment is a structure or land arc: a. that 
is used tu tolled rainwater and drain nm-nfT. H 
could be either paved or unpaved (see Table 
2.1: Catchment surfaces arid their 

characteristics and Figure 2.2; types of 
catchment). 

Paved area catchments; These arc smooth 
surfaces, clean and more impervious to 
seepage. These surfaces collect greater 
quantity and belter quality of water. These 
could be roofs, driveways, parking areas, 
courtyards and mads. 

Hoof catchments have the maximum run-off 
and are generally considered clean and safe. 

Yet, water harvesters should keep in mind 
possible contaminants- In India, roofs in urban 
areas arc mostly made or reinforced concrete 
cement {ROCK but roofs can be laid with 
galvanised iron IGI) sheets, tiles or slates. At 
times, roofs could also be thatched. 

Concrete or cement roofs retain more dust 
and dirt than me Lai roofs, which are smooth. In 
the case oT Cl roofs, rainwater may capture 
zinc, this coaling material. If the rain is acidic, metal roofs used in industrial areas will leach 
metals into water. Similarly, paints used on metallic ruufs may leach out toxic chemicals such as 
lead or chromium. This is why certain materials must not he used when installing RWH systems 
(see Box: Roof catchments: what not to usel 

When rainwater is collected at driveways, parking areas r courtyards and oil roads, water 
is conveyed through gully traps, channels* stormwater drains and sometimes collected at the 
end of natural slopes. This can be used for groundwater recharge or for ncn-pntable uses such 
as gardening. The quality uf water collected in these places is nut as good as that of a rooftop 
collection. 


Roof catchments: what not to use 

Tar felted roofs; A source of biological and 
heavy metal contamination. 

Asbestos sheets; Weathered and leached 
fibres of asbestos are highly toxic. 

Chemically treated roofs: Chemicals used for 
water-proofing have high concentration of 
heavy metals. 

Painted roofs; Most paints contain lead, zinc 
and chromium. Overtime these may dissolve 
with rainwater* contaminating stored 
rainwater. 


Treating catchment surfaces 

Catchments can be improved with different 
kinds of treatment to improve their water 
collection efficiency. Ground or land surfaces 
can be improved by clearing or altering 
vegetation cover, increasing the slope of the 
land and also by sofl compaction Roofs can 
be treated with lime surkhi and cement 
mortar to improve collection efficiency. 


Figure 2.2; Types ef catchment 
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labile 2,1: Catchment surfaces and dleir characteristics 

Clean catchments are necessary as they yield maximim run-olt tor harvesting 


Types of surfaces 

Materials 

Characteristics 

Paved surfaces 

Rat idofs 

| 

Concrete, cement sheets, china 
cNps, bocks with cement Iming 

Safe and clean catchments are least prone to 
contaminants, they also yield maximum run-off 
available for harvesting 

Sloping roots 

Gl (gatvanised iron) sheets, 
Mangalore hies, 
state, hhre sheets 

As above 

Treated roof surfaces 

Thatched roofs cohered with 
polythene sheets 

Improves water collection 

Leeways, courtyards, 
pavements, internal 
roads 

Cement, concrete, hies 

Collects good quantity of rainwater of reasonaMe 
quality, depending on maintenance of the srte 

Highways, roads, 
parking lots 

Asphalt, concrete, bricks, stones 

Can be used after installing ail and grease traps 
and ntber filtration devices 

Unpaved surfaces 

Lawns, parks, gardens 
from large open spaces 

Soil, grass or vegetation 

Substantial amounts of water can be recovered 

Playgrounds, courtyards 

Hard, packed soil 

Water collection efficiency will be more than on 
vegetation covered surfaces 

Souiw: tehtfe for Science and Gnvironmeni (CSEX New Delh 


Uupaved area catclutmutar Unpaved areas found in gardens, lawns and playgrounds permit 
more iulllLraiion and less ruu-ofT. Those contain more impiiiitje& and silt. Water from uu paved 
areas is mainly used for ground water recharge. 

CONVEYANCE SYSTEMS 


Conveyance or conduit systems direct water flow from the catchment area lu the storage area. 
A carefully designed and constructed conveyance system can divert more than 90 per cent of all 
the water that falls on to the roof. 

Mat roof conveyance; Flat roofs have rain outlets from which pipes lead out to stormwater 
drains and sewers, or simply terminate at the ground level (see Figure 2.3: Roof outlet}. The 


Figure 2 . 3 : Roof outlet 
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THE FUNDAMENTALS 



downtake pipes can be connected to rainwater storage cis terns or to recharge systems, 
downtake pipes can be concealed or attached to the walls of buddings. These pipes are made of 
miid steel IMS) sheets. polyvinyl chloride ITVC). bamboo or other suitable material. In buildings 
where the downtake pipes are concealed and lead directly to the stormwater drain. Trash 
conveyance systems will have to ho buik to carry the water. 

Sizing: The diameter of the downtake pipe will he directly proportionate to the roof area .and 
inversely proportionate to tile rainfall intensity. As a thumb rule, lor a roof area of 
approximately 40 sq m where the rainfall intensity is 100 mm/hnur, die diameter of the 
downtake pipe will be 100 nun,‘ 

Sloping roof conveyance system: In the case of sloping roofs, gutters built under the eaves of 
the roof carry the run-oil Isee f igure 2.4: Harvesting rain from a sloping rooj 1. Downtake pipes 
are attached to the gutters. 

Gutters, which ran all along the edge of the roof, can be semi-circular or rectangular and made 
from a variety of materials ranging from bamboo, cement or wood to Gl sheets, While organic 
materials like bamboo are initially cheaper, they will cost more to maintain. 

Gutters need to be supported with brackets so that they do not sag or fall nff their binges when 
loaded with water, for large sloping roofs, a splash- guard could he useful. It Is a long sheet of 
metal, bent at an angle and nailed to the rnoT lu such a way that the lower half of the sheet lit* 
directly into the gutter. This way water does not overshoot the gutter. 

Sizing: Gutters should be sized to direct the llow during the highest intensity rain without loss 
of water. As a thumb rule, there should be 1 sq cm of gutter cross-section for every 1 sq m of 
roof area. 1 For large roofs such as in schools, a gutter cross-section of 98 sq cm is recommended 
for a roof area of about 40U sq m. A gutter gradient of 1:100 will ensure that water Is 
transported without overflow losses, splash or spillage with less chance of gutter blockage from 
leaves and other debris. 3 

Figure 2.4; Harvesting rain from a sloping roof 


Slopring roof 
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FILTER SYSTEMS 

Rainwater is often ujil Lam in a Led with dust, leaves and twigs, bacteria. participates and 
dissolved gases, la is necessary to Install filters both for storage and recharge systems. There are 
several ways of filtering contaminants. There are simple systems LhaL keep nut leaves and debris 
and remove the Itrsl Hush of rainwater. More complex systems filter out bacteriological and 
other dissolved contaminants. 

(See Chapter -V, Section 2 for details on filters and first flush de vices, i 

STORAGE STRUCTURES 


Storage tanks are available in diverse materials ranging from cast iron sheets and PVC tu RCC 
structures. Storage tanks can also be made of femjccment r an inexpensive material, essentially 
a thin cement mortar reinforced with wire mesh. Overground tanks are Jess expensive than 
underground tanks, as excavation and costs of stronger reinforcing can he avoided. 

One can also have more than one storage tank, depending on the site conditions. This al.so 
makes it easier for maintenance and repairs as some tanks can be used while the others are 
shut down for maintenance, 


(See Chapter h. Section 2 far wags, of using storage structures for rain wafer harvesting, } 



Femuement is an inexpensive material to make imter storage funks 


RECHARGE STRUCTURES 

In urban situations space is a constraint when making storage arrangements. In India, the rainy 
season is very short and Lliis is another factor that does nut support storing targe quantities of 
harvested rainwater. Therefore, recharging the aquifer is a better way of harvesting rainwater, 
especially since water tables have been declining. 

H ain water may he charged into the aquifers through recharge pits, recharge wells . recharge 
trenrhes . and dry dugwetkt/haraweUs. As in the case of storage, there must be a system to filter 
out sediments and other debris, before the water enters the recharge structure. Debiting 
chambers serve this purpose. 

(See Chapter 7 m Section 2 for leans of using recharge struct arcs for rainwater har resting.) 
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STORMWATER DRAINS 


Harvesting water from slormwaler drains is receiving more attention in India today since ii can 
control the annual flooding in cities; at the same time, it ran supplement the rainwater collected 
from rooftops 

As India receives its annual rainfall within a concentrated span of about three months, the 
rainfall received in this .short period is greater than what can be collected through rooftops. The 
run-olT from the city roads, drains, creeks and public spaces, that receive a large amount of 
rainfall can be channelled into stormwater drains, to recharge groundwater 

Storm water harvesting schemes are best incorporated within new projects, as die costs are 
substantially lower than retrofitting them into existing systems, Good stormwater management 
will play an important part in controlling urban floods during monsoons, ft is also a good moans 
to dilute pollution of rivers. 
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Policy and practice 


Urbanisation and industriatisation have increased water use as well as die gene ration of 
wastewater. As urban local bodies sLnigglc to meet the growing demand for water, there [ms 
been a resurgence of interest in rainwater harvesting (KWH I hi cities, backed by supportive 
policies from mourn pah ties, state and the central governments. 

FIRST POLICY STEPS 

Almost a] I states in India have legislated m make RWH mandatory in cities; these legislations 
that mostly apply to new buildings, Some city municipalities have moved forward and devised 
penalty clauses and even institutionalised financial incentives and disincentives to induce people 
Lo take up rainwater harvesting. .Although their effectiveness depends on strict enforcement, 
such measures have served to catalyse water conservation efforts on a wider scale. 

At least a number of important city municipal kies have set up ItWIi cells Lu provide 
information and technical advice In almost all major cities* non-governmental organisations 
[NGOsh schools and other Institutions have taken up RWH on a largo scale. 

Fmuneia! assistance for RWH projects has also been forthcoming from the central 
government, f unds under the Jawaharlal Nehru National Urban Renewal Mission iJNNLRM) 
are available lu urban local bodies for: 

* construction aud improvement of dramsfclorm water drains, 

* preservation of w ater bodies, 

* revision nf bye-laws that make RWJJ mandatory in all buildings and adoption of water 
conservation measures, 

* institution of bye-laws for reuse nf recycled water 

CHENNAI SHOWED THE WAY 

ChennaL in Tamil Nadu, was one of the earliest cities to take sip RWH on a large-scale. Alter the 
severe drought of 1 992-93, Chennai Metro Water worked out a statutory understanding' with 
the Chennai Metropolitan Development Authority (CM DA) and Chennai Corporation til at 
planning permission applications for buildings of 'ground +3 floors' aud above would be 
accepted only If they included a plan fur HVYII systems, 1 

Despite this directive, buildings continued to be constructed without RWH installations. When 
tin- next big water crisis came upon the city in 2001-02, the government amended the Chennai 
Metropolitan Area Groundwater [Regulation! Act, 1987* - that covers the whole city of Chennai 
and 243 revenue villages around it - to make RWH compulsory for all buildings, old and new, 

To enforce this rule, the Tamil Nadu Municipal Laws Ordinance was passed in July 20H3, 
under which all buildings would have to install KWH systems. Where the rules were 
disregarded, the municipality could Install it, and recover the cost from the buildings owner. 
Under powers vested by the ordinance, municipal water supply could also be disconnected. 

The Tamil Nadu District Municipalities Kuilding Rules, 1972, was alsn amended lo include 
the provisions of this ordinance, and made applicable to the entire state by making suitable 
changes to tho municipal rules of other cities in the state. Rural areas were brought within its 
ambit by inserting similar changes to tile Tamil Nadu Panchayat Building Rules, 1997. The 
ensuing regulatory environment induced builders to incorporate RYVIl systems hi their building 
plans (see Case study: Skantinikfttan Residential .Enclave* Madurai}. 
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CASE STUDY 

SHANTSNtlCETAN RESIDENTIAL ENCLAVE, MADURAI 

The rainwater harvesting system was set up to meet the regulatory requirement of the Tamil 
Nadu government which made it mandatory for all buildings 



This apartment complex, situated very close lu the river Vaigai is .spread over G.5 acres (2,ti 
hectares} with -340 apartments, The builders did not anticipate any water problems in this 
area due to the proximity of the river and construction of the complex started in 2000. In 
2002, in the backdrop of the water crisis in Chennai and legal changes in Tamil Nadu, 
rainwater harve sting systems were added to the blocks that had been completed. 

The combined root area of three apartment blocks is about G + 503 sq m. Rainwater from 
the roofs of each building Is directed to three separate recharge wells. 

For more information, contact: 

Pamnesh 

Site in-chafge, site office 
Shanti Niketan Residential Enclave 
Phone: (p) 9843326583 

System details 

Total rooftop area of the three blocks; 6,503 sq m 
Rainwater potential: 748.9x6,503 x 0.8 = 44.53 lakh litres 
Dimensions of the pit: 1.5 m x 1,5 m x 2 m 
Cost In 2002: Rs iSo.ooo 
Year of imple me ntati 0 n : 2002 

Designed by V R Ramnafh, architect, Ashok Nagar, Madurai -62 5 016 
Phone: (0432) 238-0471 
E-maii: sashwath^satyam.neUo 
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The CMDA has also provided detailed guidelines and specifications on rainwater collection 
for buildings as pan of the Development Regulations of the Second Master Plan of the Chennai 
Metropolitan Area, 202 6, 1 

Chennai Metro Water has constituted a 
tied iratrd rainwater harvesting cell, which 
conducts awareness campaigns and provides 
free technical assistance to residents, and brings 
to their notice cost -effective solutions Metro 
Water has created several HVV1J models wiib 
d retailed designs and these have been published 
la brochures and booklets and are distributed to 
the public. A number of seminars, workshops 
and exhibitions have been organised involving 
various government agencies, MGOs and private 
individuals to build awareness. 

A household survey conducted by CSE 
revealed that 92 per cent of the city's households 
had implemented RWH. Among them, 86 per 
cent were installed after the promulgation of the 
ordinance in August 2003, with only five per cent 
before 2002. 

The Corporation of Chennai has constructed 
RWH structures as listed in Table 3.1. 

LEGISLATIVE NORMS 

Some important facts on the regulatory norms for KWH from a few cities in JndJa an; given here. 

CHENNAI, TAMIL NADU 

What you need to know 

* KWH structures are compulsory for all types uf new and existing buildings: private, group- 
housing, multi-storeyed, government, quasi-government of all sizes. 

■ Building plans will not be approved if RWH is not incorporated in the plans. 

* Un Inspection, if RWH structures are found missing, the municipal authority will construct 
the system and recover costs from ownor/occupier of the building. 

■ Water and sewage connections in new buildings will not be given if RWH is not incorporated 

* When there is no RWH system, it can lead to disconnection of water supply. 

* Applicable to cither the owner or [jccupier- 


Whn can help you? 

Chennai Metro Water and the Tamil Madu Water Supply and Drainage (TWAD) Hoard have 
constituted separate RWH cells equipped to guide citizens on all aspects of rainwater harvesting. 
There is detailed information on legislations, techniques and nuccessfril KWH projects on their 
websites. These organisations also undertake awareness and motivational campaigns. 

Contact details: 

* RWH Hell, TWAD Hoard i, Kamarajar Sal as. Chennai - 600 0015 „ 
http^/twadhoard . gov.i n/twaddndex. aspx 

♦ Senior hydro-geologist, KWH Cell, Chennai Metro Water, 

No. 1 + Pumping Station Road, Chintadripet Chennai - 600 002. 
httpi/Av ww.chen naimatro water, tn. n ic . in/ 

Technical designs and specifications ran be found oi. 
httpi/Avw w.chenn aim otrowater.co ni/departmon ta/r ainwater.htm 


Table 3.1; Rain harvesting structures, Chennai 

Mostly installed after a strict ordinance was passed 


Type of construction 

Number 

Corporation owned buildings 

1,344 

Fly-overs and bridges 

29 

Open taw-fymg areas 

242 

Road rnargms 

945 

Streets 

2,693 

Ponds 

I 

Temple tanks 

16 

ResidentiaVcommercial/ 
institutional buildings 

329,959 

Squm; 

hElp^/rtWrt'.-irh^naicCirporaEiDn. g w. in/departmenli'stCir 
m^wdlfir-drains/inlradtjction htn» as viewed in November 
2011 
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BENGALURU, KARNATAKA 


What you need to know 

■ Rain water harvesting structures are compulsory ibr all buildings with a plinth area 
exceeding 100 sq m and she measuring not less than 200 sq m. They should have one or 
more KWH structures. 

* Failure to provide for RW1L attracts a. penalty of Hs 1,000 per annum for every 100 sq in of 
built-up area, 

* Building plans will not he approved if RWU is not in corpora Led in pkns. 

* Incentive of 2 per cent on property tax for five years beginning 201 1 

* Applicable to the area under the Hmhal Bengaluru Mahan agaru Palike. 

■ Deadline for RWI1 structures was fixed for December 31 , 2011, after which the water supply 
was to he disconnected. 

■ The Karnataka government also announced a 20 per cent rebate on properly tax for those 
constructing systems In rural areas. 


Who can help you 

The Bangalore Water Services and Sewerage Board (RWSSBIi has a help desk and sends Its 
technical stall to assist citizens Lo implement the systems. They also undertake a number of 
awareness programmes in schools, colleges and other institutions. 

Contact details: 

* Public Relations Officer, BWSSR 

1st & 2nd floor. Cauvery Rhavan, K G Road, Bengaluru - oG0 009- 
BWSSB bcip desk numbers - (080) 233 41652. 233-4884*, 2.13-48S49 
BWSSR website has a detailed FAQ regarding laws, rules, and who can help, 
http^Avww. b wash . org/r am water_h arvesiing.html 

* Karnataka State Council of Science and Technology 
Indian Institute of Science. Bengal urn - 560 012 
http ://ksrsL org. In/r whditml 


HYDERABAD, ANDHRA PRADESH 

What you need to know 

■ Rainwater harvesting structures are compulsory lor all [lew buildings: private, group- 
housing, multi -storeyed, government, quasi-go veriimeni of all sizes. 

* Building plans will not he approved if RWH is not Incorporated in those plans. 

* KWH structures shall be provided within the setback 1 as prescribed for all plots of 200 sq m 
and above as per rules for percolation pits, trenches, roollop water collection and storage 
and filters. 

* At least 10 per cent of additional property lax every year will he imposed as penalty by the 
sanctioning authority till the regulatory conditions arc fulfilled. 

* On inspection, if RWU has not been provided for. the municipal authority will construct the 
system and recover costs from the owner or occupier. Water supply can also be disconnected, 

* A rebate of 10 per E^ent in property tax will be given to those who undertake both KWH and 
wastewater recycling. 

* Financial assistance can he obtained {see Box: Personal loans for rainwater harvesting). 


Contact details- 

* KWH Cell, Hyderabad Metropolitan Water Supply and Sewerage Board, 
Khairatahad, Hyderabad - 500 004, 

hiLp^/ww w,byder abad water, gv > vdn/wwoAJ 1/rainwaterhar vesting. aspx 
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Personal loans for rainwater harvesting 

T^e State Bank of Hyderabad provides personal loans of upto Rs 2S.000 for constructing rainwater 
harvesting structures tinder the Varun Mitra scheme which is available for individual home owners, 
building societies, apartment complexes, co-operative housing societies, as well as houses under 
construction. The loan is treated similar to a housing loan and is repayable over a 3e-month period 
starting a month after financing. For new home owners, the amount is clubbed with the home 
loan. No margin rs required and no processing fee is charged. 1 


What you need to know 

m Rainwater harvesting structures are compulsory Fur sill types of new buildings - private, 
group bousing, multi-storeyed, government, quasi-government -on plot size of 300 sq m and 
above. Specifications for structures have also been notified. 

■ Building plans will not he approved if rainwater harvesting is not incorporated in plans, 

• Rs 1,000 will be levied Tor every 100 sq m plot where KWH has nut been undertaken, 4 

* In 2G08 t the Brihanmmnbai Municipal Corporation (BMC) also notified that the municipality 
would only supply 90 litres per capita daily llpcdh which meant that there wouldn't be 
enough supply for Hushing or gardening purposes. The aim nf this move was to force people 
to undertake rainwater harvesting or recycling of wastewater fur Hushing or gardening. 

Who can help you 

The BMCs rainwater harvesting fRWH} and water conservation cell provides technical help. 

More than 25 model projects have been undertaken by the municipality. The cell also 

nnd ertakes awareness campaigns. 

Contact detail#! 

* HWll and Water Conservation Cell, Municipal Corporation of Greater Mumbai 
Municipal Head Office Annexe, 3rd Floor, Mahapalika Marg, Mumbai - 400 001 , 
li Up ;/Avww,m cgiu.gov. in: E-mail: aerwhbmc@yahoo,co-in 


What you need to know 

• Rainwater harvesting structures arc compulsory lor all new buildings: private, gioup- 
housmg. multi-storeyed, government, quasi- government on plot size of 140 sq m and above. 

* Building plans will not be approved if RWH is not incorporated in pians. 

■ A rebate of h per cent on property tax for the year in which the system was built Is available 
in Indore and Bhopal, 

■ The Bhopal Urban Development Authority's 
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MUMBAI, MAHARASHTRA 


BHOPAL AND INDORE, MADHYA PRADESH 


notification No. 25S2 15/20G9 dated 

October 27, 2009 mandates that for all new 
buildings of more than 140 sq m plot size, 
builders must deposit funds Lor rooftop 
water harvesting (see Table 2/2: Security 
deposit). On the completion of the building, 
together with the rooftop harvesting 
structure, the deposit will be refunded. 


Table 3.2: Security deposit 

Refunded after completion of the harvesting system 


Plot size 


Deposit amount 


Between 140 and 200 sq m 


Rs 7,000 


Between 200 §fld 300 Sq m 


Rs 10,000 


Between 3GQ and 400 sq m 


Rs 12,000 


■ The Madhya Pradesh government has 
instituted specifications and guidelines fnr 
building KWH systems fur different types of 


More than 400 sq m 


Rs 15,000 


Soure*: Notification No 2583 1 SV2C09, DUober 27, 200 $, 
Bhopal Urb^n PCvelbumenl Aul£-iarity 



POLICY AND PRACTICE 


Specifications for rainwater harvesting 

Under Annexure JV of Madhya Pradesh Bhumt Vikas Rules, 1984, Rule 78 (4) 

Appendix N-1: Rainwater harvesting though perception pits (mdi vidua] house) 

"Dig a number of 3 m deep end 30 cm die perception pits of 3 m intervals around the plinth fill 
them up with broken bricks and pack the top 15 cm with river send. Erect 7.S cm high dwarf wall* 
entrance to facilitate recharge, " 

Appendix H-2: Rainwater harvesting through pebble bed (building complexes) 

"On the three sides along the inner periphery adjoining the compound wall, dig 1 m wide pit to a 
depth of 1,5 m and fill it with 5-7.5 cm sized pebbles. Let the rainwater falling on the terrace flow 
into this pebble bed," 

Appendix N-3: Rainwater harvesting through service-cunvrecharge well 

"Provide well of 1,2 m dia for a depth of 10.0 m and divert the rainwater from the terrace fnto the 
well through rainwater downtake pipes. Divert the rainwater f siting around the open space 
surrounding the building to the frontage wherein a gutter is provided for a depth of 1,0 m and a 
width of 0-6 m with perforated slabs. The rainwater collected in the gutter in front of the entrance 
is discharged into another recharge well of 1.2 m dia for a 10-0 m depth, provided through 
necessary piping arrangements, " tl 


buildings (see Bos: Specifications for rainwater harvesting), 

* Though Chennai is symbolic of large-scale urban rainwater harvesting systems, die town of 
Dewas near Indore in the parched Malwa region of Madhya Pradesh has been a centre for 
RWH innovations such as Lhe low-cost b Dewas filter 1 (s no Box: Wafer scarcity induces 
innovation |. 


Contact details. 

* Bhopal 
Officer- in-charge 

City Planning Department 
Building Permission Solution 
Bhopal Municipal Corporation 
6 No Bus Slop, Shivaji Nagar 
Hhopai - 462 016 
http-.//www. b hop aim uni ripal. com/ 

Jo hire contractors authorised to construct KWH systems by tile Bhopal Municipal 
Corporation, please look at, 

ht Lp J/ www.b hopal mu na r i pal , com/Hf nd i ycr sion/H ain%20Water.htm 

* Indore 

City engineer's office 
RWH Coil 

Indore Municipal Corporation 
Palika Plaza, MTH Compound 
Indore 

htlp7/www.imcindnro-nrg1ndex jsp 

t - - 
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Water scarcity induces innovation 

The story of Be was and its 'filter' 

Dewas sits on the Malwa plateau and the clayey soil allows for little recharge of rainwater. 
Unregulated exploitation of g Found water for irrigation, industrial and domestic use had resulted in 
the water table going down to 250 m. In summer water had to toe brought to the city in trains. 

To address the protolemj the Bhoojal Semvardhan Mission, Dewas was launched In 1999 with the 
active participation of the citizens. Tube we 1 1 drilling was banned and rainwater harvesting was 
made mandatory for all houses using tubewells. 

The citizens contributed labour and money for rainwater harvesting projects. A number of 
rooftop water harvesting systems were constructed, ponds and percolation pits dug, and the 
existing ponds and wells deepened. 

With help from the Central Ground Water Board, the district engineers developed a low-cost 
fitter, and used it to filter rooftop harvested water to recharge dry wells. More than l r GM such 
filters were distributed to citizens. These filters were subsequently called the r Dewas filter'. To 
recharge deep aquifers, the administration also developed other techniques and structures such as 
sub-surface dams and boulder dams. * 1 



DELHI 


What you need to know 

■ HVVll structures are compulsory for all new building?:, private residences, group- housing, 
multi- storeyed, government, quasi-government buildings on plot size of 100 sq m and above. 

* Building plans will not be approved il' RWH is not Incorporated in plans. 

* Water and sewage connections will not be given If RWH systems are no! constructed, 

* Delhi Jal ^ard (DIB) provides a grant nf R 5 t (JO, 000 or 50 per cent of the eost of 
construe Ling RWH schemes to resident welfare associations tRWAs), cooperative group 
housing societies, schools, colleges, hospitals and other Institutions. Those who avail of this 
grant will have to sign a contract for maintenance of l lie system and submit a half yearly 
report on the same. Non-compliance will attract a penalty. 

* S he New Delhi Municipal Council (NDMC) has been giving a rebate on property tax from the 
financial year 2008-09, applicable for the next four years. Under this scheme,, the NDMC will 
provide a rebate of 10 per cent of the property tax on 20 per cent of the cost of installing an 
RWH system, whichever is lower. This is valid for those who have constructed a RWH system. 

■ RWH schemes can he taken tip with funds available with area MI As, and the "My Delhi -l 
Care Fund 1 made available In the deputy commissionor (revenue I by the Delhi government 

* To encourage RWH, the Delhi Jal Board Instituted the Chief Minister's Bes! Rain Harvesters 1 
Award in 2006. First and second prizes are given for insdlutinnaJ (Ks 2 lakh, 1 lakh} and 
individual CRs 1 lakh and Rs 50,000) categories together with a plaque and citation. The first 
set of awards was given away by the chief minister in 2007. 


Who can help you 

1 Delhi Jal Board has a rainwater harvesting (RWH) cell 
For drawings and technical details: 

9 http^/ww w. del hi. gov, mM’ps/wcin/connect/DOlT^ D.JB/djb/h ome/raln+ w ater+ harvesting/ 

Far details of DJB grant for HWII constructions, please look at. 

* hup://w ww. delhi .gov. i u/wps/wcm/connee L/d ni t_dj fa/LUB/Hu me/Rain+ Wale r+Ha r vesting/ 
Lor FAQs: 

■ http^delhi . gti v,i n/wps/wc nn ec1/doit_djb^ JB/Home/Rain+VVater-i-H arvostmg 
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POLICY AND PRACTICE 


POLICY RECOMMENDATIONS 


While city municipalities have lake n path-breaking measures, citizens and government have to 
be encouraged to take ownership of the RWH process, making It “everybody’s business". 
Legislation by itself will not translate into ground-level action,, unless accompanied by effective 
pricing incentives and disincentives. Thus far, the incentives for undertaking KWH have been 
meagre and also tied up in red tape, which deters common citizens from making the effort to 
lake advantage of them. At the same time, municipal water is supplied at extremely low cost. 
There is no motiviation for citizens to take up KWH or recycle their wastewater. They continue 
to use water wastefuUy. Not a single city has any rule or a disincentive that will discourage 
wasteful use of water. 

Recommended policy measures: 

* Promulgate a law to prevent further encroachment or conversion of water bodies into land’ 

■ Bring in Segal measures to protect catchments for drinking water and rivers: 

* Degraded lakes need to ho regenerated on a priority basts; 

* Costs of sourcing, conveyance, treatment and collection and treatment of wastewater should 
be Incorporated in the price of water supplied; 

* Sewage could be recycled and reused for horticulture or industrial purposes; 

■ Laws or financial disincentives need to be put in place to discourage wastage of water; 

■ Focus on implementing RWH In all public buildings, large public areas such as parks - 

* Capture stormwater for recharge or treatment and storage. 
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How to plan and design 
an RWH system 

Historians have described India as a ‘hydraulic’ 
civilisation, one that was well versed in making use of 
its water endowment effectively and efficiently. Even a 
thousand years ago, India’s urban settlements ensured 
a sustainable water supply from rivers, tanks or lakes. 
In modern India, if every city were to ensure that every 
drop of rain that fell on it would be captured, stored or 
recharged to the aquifer, cities will not need to take 
water from far-off sources. 

There are diverse ways in which rainwater can be 
captured in cities, from micro-catchments of rooftops to 
macro-catchments of urban lakes. Rooftop water 
harvesting provides an affordable means of accessing 
good quality water at the point of consumption. 
Households can capture water falling on their roofs to 
supplement existing water supply and reduce their 
dependence on municipal supply. 

Municipalities can take responsibility to revive or 
develop large water bodies to capture rainwater and 
recharge groundwater - this will also serve to regulate 
floods. Run-off from roads and other public spaces can 
be collected to recharge the aquifer. 

The following pages show how every urban citizen 
can capture the rainwater endowment. They take you 
step by step, from planning to building the system and 
maintaining the structure. They tell you how the type 
and size of the RWH structure is determined by 
precipitation, catchment area, physical topography, 
nature of aquifer and soil. They show how simple 
rainwater harvesting systems can be built at very low 
costs to yield good results. 


CATCH WATER 

Centre for Science arid Environment 
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• To ensure a cost-effective rainwater harvesting (RWH) 
system, a plan has to be put in place which would incorporate 
collection of Information, a study of the site plan, estimation 
of the water harvesting potential and allocation of funds 

• Users are motivated to invest in RWH when they save on 
costs, and especially when there is no municipal supply 

• Correct estimation of size of storage tanks is important as it 
is the most expensive part of the system. Sizing can be 
determined based on demand or availability of rainwater 

• Storage tanks can be placed both overground and 
underground and made of various material comprising cast- 
iron sheets and poly-vinyl chloride 

• In 1999, CSE built a simple RWH system, consisting of 
recharge pits with bores, a trench, a recharge welt converted 
from an old storage tank and a defunct borewell used to 
recharge water from roof areas 

• A number of in-built filter mechanisms within an RWH system 
ensure clean rainwater: an example Is the First flush which 
allows the first spell of rain with dissolved impurities to flow 
away 

• Water from a clean roof catchment is nearly of potable 
standard. Keeping the roof clean is the most cost-effective 
way of collecting quality rainwater 

• Harvested rainwater can be further purified by boiling, 
chotorination, direct solar radiation and ultra-vlolel rays 
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Planning and designing 


Wu nifty have some basic questions that you need to clarify before understanding n rainwater 
harvesting system. binding answers at the planning stage is vital - it vvalE ensure that the Structure 
is effective, economical and sustainable One of the first facts to judge - how much water is 
available for harvesting? Is the rainwater to be collected fur direct use? Qr, is it in be recharged 
into the aquifer? 

If you are to store water, you would need to plan tile nu inters , capacity of storage 
structures, the kind of material to be used, and the site. When ref ii urging groundwater, you 
will need hi knew the number and type of recharge structures to be built, the correct siting and 
Tin ally F the ways to ensure water quality, whether through filtration or any other means. 

Above alt, you need to know whether the structures are cost-effective, and whether you can 
afford the cost of construction. 

The planning and designing of an RWH system is a step-by-step process, A checklist: 

* Step 1; Collection of information on the catchment, rainfall, physiography, soil and rock, 
aquifer, water demand, objectives and uses, laws and incentives. 

* Step 2: Studying the she plan to understand the slope, the location of the catchments, space 
avail able and other details. 

* Stop 3: Estimating the amount of water that can be collected [water harvesting potential! and 
matching this with Lhe water demand, 

* Step 4: Deciding the number, type, capacity Etnd location of structures - whether to harvest 
water for direct use from storage containers or to recharge the aquifer. 

* Step 5: Allocating funds - the budge l is one of the must important determinants of rainwater 
harvesting work. 


COLLECTION OF INFORMATION 

CATCHMENTS: TYPES, AREA AND LOCATION 


From the site plan or from actual measurements, find out: 

* Types of catchments - roof or paved, unpaved, 

* Mum he r of catch men ts. 

* Dimensions of catchments, 

■ Location of catchments. 

When calculating the catchment area; 

* Note down area of each catchment from site plan. 

* In the absence of a site plan, measure each area and create a site plan that provides details 
of catchments with the dimensions, 

l Are a of catchment IC| = length flj x breadth (b)j 

* Regardless of the shape of the roof, tile catchment area would be die area equivalent to the 
area under the rooftop. If the total available roof area comprises of more than one ruof. then 
the dimensions of each mef ran be uoied down and added to arrive at the total area 4 see 
Figure 4.1: Calculation of the rooftop areal 
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Figure 4.1: Calculation of the rooftop area 




* For irregular dimensions of ground level catchments such as a winding driveway, break it 
Into measurable shapes such as rectangles or triangles and measure. 

COLLECTION EFFICIENCY AND RUN-OFF COEFFICIENT 

Collection efficiency; Not. all the rain that falls on the catchments is available for rainwater 
harvesting. Some or the water that faUs on catchments may be Inert because of evaporation, 
seepage into the ground, absorption by roof materials, improper fittings, leakages from pipes 
and gutters and dogging in various parts of the system. These factors and the effective 
catchment area largely influence the collection efficiency. 

Run-off coefficient: This is the; ratio of the volume of water that runs off a surface to the volume 
of rainfall that I alls on the surface. More water runs off smooth and impervious surfaces such 
as roofs or paved areas than soils and un paved areas. Different catchment materials absorb 
water to differing extents. 

(See Annex tire ? /or information on run-off coejjident.s of different types of catchment!. 

RAINFALL 

There are four kinds of information tin rainfall that you need to gather: 

* Annual average rainfall gives an overall picture of the total amount of water that can be 
collected, 

* The pattern of rainfall over different months indicates when rainfall is available - whether 
most of the year or only during a certain part of the year. 

■ The number of rainy days indicates whether it is boLler to store rainwater or to recharge it. 
If must of the rain falls only for a short .span of time h then it is better to recharge the aquifer. 

* The peak rainfall intensity determines the size of the storage or recharge structure. The size 
is calculated on the basis of the amount of water needed to be stored or recharged during 
the most intense spell of rain, which can range from fifteen hi thirty minutes. Recharge 
structures will have to be designed in such a way that Lhey wlil be able to deliver the peak 
intensify rainfall to the aquifer or store it temporarily during such intense spells. 

( See Annexure 1 for annual average rainfall, number of rainy days and rainfall intensities )- 


Where to get rainfall data 

* The local meteorological station; the website of the Indian Meteorological Organisation. 

| http; / / vvww. i md + gov .in /doc / cl I ma Leimp. pdf (fo r ell mato I ogica I d ata of im portan l cities) ]. 

■ The revenue department which compiles such information at district level. Some cities have put up 
city- Level rainfall data on their website. 
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GEOLOGICAL AND HYDRO-GEOLOGICAL DATA 

lor systems where the harvested rainwater is used to recharge the aquifer, selection ul the 
(correct bilH \s important. Information must hr collected before J oca Ling the ske: 

* Swi,: WiU tJlfl Sf,ii type allow water to percolate easily? For an answer to tills, you have to 
know the soil typo - whether it fs sand, gravel, silt, loain or day. 

■ Rock: Note down the type of rock ^massive, fractured, fissured, weathered or sedimentary. 

* Physiography: Note whether the area is hilly, plains, coastal or desert, 

* Aquifer: Find out depLii of water level, thickness and nature of aquifer - confined, uncoiiOned 
(see Anntsxurc 3 for definitions). 
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Selecting the right site: storage and recharge in Bhopal's Deccan trap 

As can be seen from the geological cross-sectson, there are two types of rock formations: (i) Deccan 
trap basalt with fractures, (ii) sedimentary Vi ndhy an sandstone, In areas underlain with massive rock 
and dayey soil, recharge is not an option. Recharge can be effective where there are fractures. In 
the sedimentary portions, both storage and recharge can be done, 



lhe aq idler must lie at least 8-10 metres below ground level Inn bgl), never at a shallow 
depth. It should he uncoufmed ■ exposed stnd recharged directly from the surface. It must also 
have gtMid hydraulic conductivity :ls well as transmissivity so that when water is recharged 
quickly, it spreads horizontally to prevent a waLer mound forming below the surface, 

Recharge is more effective when the saturated zone - where ail available spaces are filled 
with water - has substantial depth. 


How to get geological data 

• Inquire with the local people, contact the local drilling agencies. 

• Gather II tho logs/borehole strata chart of the existing tubewells on the site to identify types of soil 
and thickness of soil layers. 

• Literature survey - reports of irrigation departments, central/state groundwater boards, Geological 
Survey of India, Soil Survey of India, 
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PLANNING AND DESIGNING 



WATER DEMAND 


The size of the KWH structure is determined by two facturs - how much water is needed and 

how much is available. The folio wing factors may be considered: 

■ The total water currently used : This Indicates the total water demand and the portion of the 
total water needs that can he, met from rainwater harvesting. 

* The per capita water demand : In case yon cannot find out the exact amount of water used, 
you can find out the number of persons accessing the water and multiply this with the per 
capita norm for water supply to arrive at the total water demand. This would be the method 
used for urban water supply planning purposes. 

* The water demand during the driest period: T his is an estimate uf die essential quantum of 
water needs during the driest period so that plans can be made for water harvesting to meet 
this minimum need. 


So, how to get information on water demand? 

* Monitor usage of wafer from the overhead water tank: Eg. If the tank has a capacity of 1,000 litres 
and this is filled up once a day, then the annual water demand is 365,000 litres of water. 

* Municipal water supply hills can provide on estimate of total water supplied - 

* Estimate the amount of water pumped from a horewelh If you know the yield of the borewell and 
measure the number of hours of pumping, it will give you the total water pumped out, 

* finding out the number of limes wo ter is purchased from tankers and the quantum of water supplied. 
■ Undertake a water audit and measure the amoun t of use through different fixtures. 


OBJECTIVES AND USES 

It is important to know for yourself how you want to use the rainwater. Once you know' that, you 
will know the level at which the water should be treated. Different uses will require different 
levels of water quality. So, you need lu examine the pattern of water use, and Us source of Supply, 
For Instance, find out the source of supply for drinking and cooking, gardening and any other 
purposes. Then you need to determine which portion of this you want to replace with rainwater. 
You may waul to use harvested rainwater to supplement your municipal supply and therefore 
use it lor gardening or toilet flushing. Qr you may want to use it as the sole source of water 
supply. In this case, adequate treatment capacities must be put in place to remove biological, 
physical and chemical impurities. If there is no municipal water supply and you are purchasing 
water from tankers, then the objective may be to recharge the aquifer or store the water so that 
you ran reduce your dependence on tanker supply and bring down the water bill. 

LEGISLATION AND INCENTIVES 

Many slate governments and city municipalities have passed law?? that make It mandatory for 
existing or new buildings to have RWH systems. You must be abreast of these laws in order to 
make sure that you an; compliant on all counts. There are also many incentives for people who 
take up rainwater harvesting and you could find out if they are applicable in your city. 

(Sen Chapter 3 * Section l r for more details on legislation and incentives) 


STUDYING THE SITE AND THE ROOFTOP PLAN 

To begin with, you need to have a detailed map of the site and the rooftop. 

* A study of the site plan will Indicate the space available for water harvesting structures. This 
will determine the size and location of the structures. 

■ Note the number and location of existing rainwater pipes, outlets/spouts in the building, 

* Identify If there are any defunct or existing bore wells, a swimming pool or water storage 
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Figure 4.2 (at: Standard site plan (before RWK) 



Lanfcs that can be used Ibr storing the harvested water. Mark all the open spaces in the colony 
from when' water can he harvested as well as sLornd. 

■ Determine the natural drainage, slope and location of stormwater drains. This will help 
laying out the conveyance pipes along the natural drainage patterns. This is particularly 
important while planning for a large complex or colony. 

* Mark Lhc location of plumbing (water and sewage! and electrical lines on site. Cam must be 
taken tu circumvent the plumbing and electrical lines while constructing the KWH structures. 
In case of a project in public places it becomes even more important to see that the 
underground sewer, water supply and other such cables and lines am not inadvertently 
da nulled. 

* Note that, space is set abide fur a generator room, compost pit and waste dump. 

* The KWH structures should be as close as possible to the source and use of water. 
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WATER HARVESTING POTENTIAL 


As a thumb ruie n if you have 10 mm of r ainfa ll over KM) sq m of roof area you will set 1 ,000 
litrns of water (volume = rainfall x area). However, there is some loss due to evaporation or 
absorption by catchment surfaces. The actual volume can be ascertained by determining the 
run-off cmdTlcicnt of the catcfiment which indicates the proportion of rainwater that can be 
harvested from the total rainfall Isee box: How much rainwater can be collected?). 


How much rainwater can be collected? 

Total volume of water = area x run-off coefficient x rainfall 
Area = length x breadth = 20 m x 10 m - 200 sq m 
Run-off coefficient of roof = 0.8 
Annual rainfall =. 500 mm 

{1} Rainwater harvesting potential = 200 x 0.8 x 500 = 80,000 litres 

{2} Water demand, family of four, consuming 540 litres/day = 540 x 365 =197,100 litresfyear 

Q) Water demand, family of four, the three driest months = 540 x 90 = 48,600 litres 

(4) Water demand for toilet flushing and gardening (yearly) at 180 iitres/day = 18G x 365 = fi5,70Q litres 


If you want to arrive at tile KWH poLenlial mure accurately* you can record dally or weekly 
rainfall data. Once you have an idea of how much water can be harvested, match this against 
your water demand. I bis way. you can determine the si?.o of the system as wet] as the level of 
water treatment required,, taking into consideration the budget. Tf it is not practical to meet all 
water needs fur the entire year from rainwater harvesting, then the waLer demand fur the dries l 
period or the period of acute water scarcity can be estimated so as to use rainwater to mitigate 
water scarcity, 

NUMBER, TYPE, CAPACITY AND LOCATION OF STRUCTURES 


■ Number of structures: ‘This will depend on site conditions, which include the position and 
location of the down- lake pipes, the layout of the building, the size of the storage tank, the 
slope of tiie roof, the budget and the space available. 

■ Type of structures '. The decision on whether to make storage or recharge structures depend 
on a nusnber of factors (see Table 4.K Hydro-geological conditions and type of structure). 


Table 4.1] Hydro-geological conditions and type of structure 


Parameter 

■ 1 

Type/co rtditi an 

Recommended structure 

Nature ot aquifer 

Impermeable , non porous, non-homogeneous, bard rock area 

Storage 

Depth of groundwater 
table 

More than 8 metres 

Recharge aiKl storage 

Nature of terrain 

Hally, rocky or undulating 

Storage 


LMorm ot flat, Pluvial and sedimentary 

Recharge and storage 

Nature of soil 

Alluvial, sandy, loamy soils. gravel, silty, with boulders or 
smadl stones (kankar) 

Recharge and storage 


Clayey soi 

Storage 

Nature of geological 
formation 

Massive rocks (such as the Deccan bap) 

Storage 


Fractured, faulted or folded rocks, or comprises 
ol weathered. jointed or fissured rocks 

Recharge and storage 

Nature of rainfall 
and monsoon 

Number of rainy days are rrH*re, bi-modal monsoon, 
not intensive, uniformly distributed 

Storage 


Ura modal monsoon, rainfall available only lor a few months 

Recharge and storage 
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♦ Capa a ty of storage tan ks I’jj is wil i d i md r>n t h r tv pe n f ni < msoo p, bin itulal nr u ni - modal, 
uumbnr of rainy days, total demand and Ilia rainfall intensity. If the rainy days an: more, a 
smaller tank is sufficient as the tank can gel frequently filled. Tile size also depends on the 
demand and the total rainfall. Micro the rainfall intensity is greater. Lite size will increase. 

♦ Ltfcatim of structures. The location of sLnjrtnres will depend on ihe layout, the slope, the 
presence of oilier services a nd pipes and proximity (n point uf use. 



ALLOCATING FUNDS 


Tlit^ budget a vail able lor it ram water harvesting project es one of the most important 

determinants of the type, size and number of structures that can he set up. ]n large projects, 

where there is a possibility of budgetary constraints, it is better to design Lhc project in phases, 

Jhe cost of an KWH system will depend on a number of far Lots: 

* Catchments: The cost on storage or recharge structures will depend on type of catchments 
and area, which will determine the amount of water harvested and therefore the size of the 
structures. 

* Drainage pattern The cost on the conveyance systems will depend on the How direct ion, 
spreading of rainwater pipes and flow of stormwater drains. 

* Retrofittmg/neit' construction-. Ketrofliluig on existing buildings will cost more than new 
construe turns. 

* Geology, hydro-geology and meteorological parameters: Recharge structures in hard rock 
terrain will cost more and areas of high intensity rainfall will require larger storage. 

* Purpose of harvesting. Treatment systems will increase cost and therefore the use of the 
rainwater will deter mine cost. 

■ Availability of unused tanks. Availability of unused or dry/abandoned tube wells/open wells 
will reduce cost. 

* Material used I he cost of the system will also depend on tile materials used. 

(See Annemre 2 jar a form on documenting information} 
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PLANNING AND DESIGNING 


CASE STUDY 


autocomps CORPORATION PANSE pvt ltd, MOSHL, PUNE 

Planning the steps fur raimi'Qter harvesting 

A sustainable water Tnan&gemertL system lias been meticuluiialy planned and implemented at 
Aulocomps Corporation Pause Pvt It at Moshi un the outskirts of l p unc T a manufacturer of 
automobile press components and assemblies The planning, designing and construction of the 
rainwater hamsting system was undertaken by Comprehensive Water Management Solutions 
Pvt lid, Pune. The architect involved was inspired to branch off into water management after 
learning about rainwater harvesting. 

The factory is not connected to the municipal supply and groundwater was the only source 
of water. There are 150 people working in the factory the year round. The hard rock terrain 
made the availability of groundwater very difficult. The water was sourced from two burowriLs 
and one of these had gone dry The factory decided to build an RWH system in order tn recharge 
the groundwater and also it? store it for usc. 

PLANNING AND DESIGNING PROCESS 

Enformatiuii collection 

A detailed planning process was undertaken that included information collection on rainfall, 
geology, soil and water demand tsee table 4.2: Detailed parameters). 


Table 4.2: Detailed parameters 


Total ptot area 

12,000 sq m 

Area of roof of sheds 12) 

2,400 x 2 = 4,800 sq m 

Paved and unpaged areas 

7,000 sq m 

Rental! ccetticient for rooftop 

G.B5 

Rainfal- coefficient fox unpaid areas 

0.5 

Average rainfall of Puna assumed 

600 men 

Hydrogeology of site 

B4ack cotton soil up fo 1 m depth and hard basaltic rock 

Topography 

Sloping with incline of 3 m from southwest to north-east 

Wafer sources 

1 boreweil yielding 1 5 ,000 libes a day 

Source: Comprehensive Wafer Managerr^nl Solutions., Punt 


A, Water demand was calculated on the following basis: 
No of persons = 500 
No of working days = 300 


Table 4.3: Calculating water demand 


1 

Type of use 

Unit requirement 

( litres f 

Water quantity 
per day 1 litres I 

Water quantity 
per year (cu m] 
[1,000 litres = 1 eti 

Dfuikmg 

2/per son/da y 

I p Q00 

300 

Hard wash 

10/person/day 

5,000 

T500 

Sanitation 

30/person/day 

15,000 

4.500 

Water for industrial accessing 

2 r OOO/day 

2,000 

600 

Water for landscaping 

10,000/day 

10.000 

3,000 

1 

Total 


33,000 

9,900 

Source : Comprehensive Wafer knanagsrrcent Solutions, Pune 
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Figure 4.4; Site plan 
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B. /frzfnu’arer Aarwex/inp .pofe/zfia/ 

Water harvesting - potential = Catchment area x annual average rainfall x rim-off coefficient 

Hoof lup: 4 800 X 600 x 0.S5 = 2.448,000 hires 

Paved and unpaved areas; 7,000 x 500 x 0,5 = 2,100,000 litres 

Total RWSi potential = 4,548.000 Litres nr 4,548 cu m 

C. Calculating demand- supply gap 

Total water demand I before rainwater harvesting): 33,000 litre s/d ay 
Born wot] yield; 15,000 litres/day 

Gap,‘ (total water demand - yield I = (33,000 - 15,000 litres/day) = 18,000 litres/day 
1 1 he gap had Ln be plugged by water tankers as there was no municipal water supply 
Two tankers of 10,000 litres capacity = 2 x Rs 500 = Rs l,00(Vday 
Fur 300 working days = Rs 300 ,000/y earl 

0, Plan fur RWH to eliminate water supply costa 
Total demand = 9.900 cu m/year 
Total RWll potential: 4,548 cu m/year 

Total from groundwater: 15.000 litres/day x 300 days = 4,500 cu m/year 
Potential water availability after RWH: 9.048 cu m/year 

Cap: 9,900-9,048 = 852 cu m 

Kiap to he met by using recycled sewage water J 

Water used hy 500 persons @ 40 Ipcd (handw ash + sanitation I = 500 x 40 x 300 = 6,000 cu m 
Sewage generated = 80 per cent of intake = 6,000 x 80 per cent = 4,800 cu m 

Gap = 852 cu in; therefore, the demand gap will be mei with the 4,800 i u m of available 
recycled water 

The decisions taken were as fallows: 

■ Rail i water from the roof would be harvested and stored in an underground Lank to be used 
only tor drinking purple*. 

■ Rainwater from paved and unpaved areas would be harvested and recharged to the aquifer, 
(his will be pumped out and used for toilets, processing and other uses. 

* Water used for toilets and handwashing would be recycled and reused for gardening. 
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PLANNING AND DESIGNING 


Tabie 4,4: Source and usage chart 


Type of use 

Annual 
demand 
feu m] 

Source 

Annual 
availability 
feu m] 

Tank capacity 
(cu m ji 

Remarks 

Drinking 

300 

Rooftop 

harvesting 

1,440 

320 

<20 m x 8 m x 2 ml 

Overflew of tank used for 
recharge borewell in 
north-east comer 

Sanitation, 
handwash and 
processing 

6,600 

Paved and 
onpaved area 
water harvesting 
fecharged and 
groundwater 
used 

Harvested 
■ 2,100 
Groundwater 
= 4,500 

5,000 litres 

Originally only one horeweB 
would yield 4,500 cu m/year. 
Groundwater level increased 
and both wells have water. 
The working tubewell has 
doubled yield to 9,000 cu m. 
Dry well yields 3 r O0Q cu m 

Landscaping 

3,000 

Recycled water 

4,000 




Source: t^prehenave Wat* Mar^emeni solutions* Fur^ 


Treatment fur use 

A. Rooftop harvested water for drinking 

All 20 down take pipes are equipped with water filters and first Hush and collected in 
underground tank. Water for drinking is used alter going through RO filter at two drinking 
Water points' In the factory. 

U r Groundwater used for handwash and sanitation 

Stormwater used for groundwater recharge is desilfed and recharged through filtration 
materials. Ground water in the location is hard- A softening plant of 125,000 litre capacity} 
was installed to soften the water before use. 

C. Recycled water for landscaping 

A decentralised wastewater treatment plant was installed, where sewage water is treated 
and used for garden irrigation. 

Designed and implemented by 

Comprehensive Water Manage meet Solutions Pvt Ltd (CWM5) 3 Pune 004t 
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Preparing your budget 


I ht' implementation of a rainwater harvesting (KWH) system, bo it large or small. For a house or 
for n colony, will depend solely on the availability of funds. Therefore, the plan has to he cosl- 
efCcirm, affordable and scalable. The majur eonstitutenls of a RWiI system, rain and catchment 
aiea come free ul cost, being nature s bounty. I he availability of existing structures lilce 
bore wells, dugwells and tanks greatly reduce costs. When the RWH system is incorporated at 
the construction stage, the costs are lower than when a rot refitment has to be carried out. The 
use of water also determines the cost - high quality use, such as for drinking purposes will need 
greater investments in water treatment . 

Preparing an accurate cost estimate for a proposed RWH system is one of the key factors in 
ensuring implementation in an efficient and cosl-eJTectivc manner A number of factors affect 
the cost of a RWH system fsec Table 5.1 ; Parameters that affect (he mst of a RWH system). 


Table 5.1: Parameters that affect the cost of a RWH system 


Part of system 

Parameter 

How it affects cost 

Entire system 

Retrofit 

Retrofit will cost more than mcwpoFating the system during 
construction 

Catchment 

Size 

Larger the catchment area, greater the cost 

Interconnecting pipes 

Distance to storage/ 
recharge 

tf rainwater outlets are not easily accessible to the storage 
larrft or recharge structure length ot interconnecEang p<i>es 
wtil increase the cost 

Drainage slope 

If the coinage slope is well directed, water can be brought to 
the storage &: r ea without much effort or cost 

Recharge systems 

Geology and terrain 

Hard rock will require greeter drilling effort and will cost more 

Unused boreweSIs 
aod dugwells 

Availability of dry and unused bore wells can be used to t 
recharge, saving on cost of dolling 

Storage systems 

Unused storage tanks 

Will save on cost of constructing storage tanks 

Filter and treatment 
systems 

Use of rainwater 

Whert water is used for potato purposes, greater filtration 
and treatment is required and is thus cosfter 


THE COST COMPONENTS 

The following components of an RWH system has to be budgeted for: 

• Interconnecting pipes 

• Gutter 

• First flush systems 

• Filters 

• Overhead storage tanks (ready-made) 

• Overhead storage tanks - construction costs 

• Cost of constructing collection chambers, sedimentation tanks, underground storage tanks, 
recharge wells, trenches or pits 

• Maintenance and repair costs I Filter materials replacement) 

• Treatment system 
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Reuse, innovate and cut costs 



Mussoorie, like all tourist hill stations faces acute water scarcity in the summer. In order to save on 
municipal supply, a rainwater harvesting (ftWH) system was built at the Hotel Padmini Niwas by 
Harsh ad a Wo rah, its owner. The hotef, which comprises one main building and two annexes, caters 
to about 75 guests per day during the peak season and has a permanent staff of 25. 

In the hill areas, it is not easy to construct underground storage systems as permission is needed 
fftfr any kind of excavation. Thus r existing structures in the hotel, such as water heaters from the 
British period were converted into RWH storage 
tanks, Two tanks of capacity 750 litres were 
connected to the main biuldmg r and supply the 
toilets for the staff. 

In the next phase, the sewage tank within the 
premises was cleaned and repaired and converted 
into an underground storage tank, of capacity 
25,000 litres. It stores rainwater collected from the 
rooftop of the second annexe of the building. The 
water from this tank is used for gardening. 

Two smaller tanks of hOOD and 500 litres were 
added later and connected to the rooftop of the 
main building. 

Apart from thES, the rooftops of the third 
annexe and the orchid house are connected to 
collection tanks of Capacity 500 litres and 1,000 
litres respectively. The run-off from the undulating 
topography of the site near the orchid house is 
collected in another 6,000 litres capacity tank. These 
three tanks store water just for gardening. A total 
storage capacity of 35,500 litres was created. The 
total cost of the system was just Rs 10/D00 in the 
year 1963. 


II ir ler heater eonreried RWH tank 
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Inter-connecting pipes and pullers: The most important determinant of conveyance costs is thr 
lengtli of the pipes. A Syslssm must be so designed that the length of the pipes are reduced to the 
extent possible, depending on the site conditions and space available. 

The second important factor is the material used to manufacture the pipes. While deciding 
on tlie material, the wear and tear and durability must be taken into consideration. Pipes come 
in standard lengths of 3 ni or 6 m and the diameter is of 4, b or 8 inches, depending on the 
catchment area. In addition to the cost of pipes, there will be supplementary materials such as 
elbows, brackets and straps tliaL have to be factored in. 

Gutters form a part of the conveyance system in case of sloping roofs. Locally available 
materials like plain galvanised iron sheet, PVC pipes and bamboo can be folded to form semi- 
citcular or rectangular gutters (see labie 5.2: Costs of commonly used coneeifance materials}. 


Table 5.2: Casts of commonly used conveyance materials 


Marts rial 

Unit of cost 

Cost In Rs 

MS (mild steel) pipes (4‘ dia) 

metre 

400 

MS pipes |6‘ {fia! 

mefre 

600 

PVC (poly vinyl chloride} pipes (6 kg/sq crrrt (4' dia) 

metre 

Medwm - 30; Heavy - 39 

PVC pipes (6 kg/sq cm) (6' dia) 

metre 

Medium - 70; Heavy - 90 

Gutters 

metre 

600 

Socket 4 Inches 

each 

35 

Socket 6 inches 

each 

110 

T-berXf 4 inches 

each 

60 

T-berwi 6 inches 

each 

250 

Bend 4 inches 

each 

50 

Bend 5 inches 

each 

150 

Door bend 4 inches. 

each 

70 

Door bend 6 inches 

each 

250 

End cap 4 inches 

each 

30 

End cap 6 inches 

each 

60 

Source:: Survey of hardware shop* in Defhi undertaker, dy CSt m 201 1 


First flash systems and filters: These range from a simple extension of the downtake pipe which 
is dosed with a vaive to complicated systems regulated by volume or llnw-rate. in India, 
generally very simple systems are used The complexity of tile niters vised depends on the end 
use of the harvested water. Filters range from relatively simple and inexpensive sand filters that 
have been developed by users to those made of ceramic or steel mesh and are sold as ready- 
made lifLers isee Table 5.3: Costs of some commonly available filters ) , 


Table 5.3: Costs of some commonly available filters 


Filter 

Cost (Rs) 

Cost quote by 

Rainy lifters 

6,000- 21,000 

Fanmland Rainwater Harvesting Systems 

Varun filter in 6090 litre drum 

2,500 - 4,500 

Rainwater dub 

Vinayak filter ^6 inches die lifter) 

1,500 

V-mayak Water Solutions 

Amber filter (6 inches dia fitter) 

6,500 

AMBER, Bhopal 

Pop-up filter 

1,990 

Raj Iritecii (Pi Ltd 

Sand filter in 60 litre drum 

1,500 ~ 2,000 

CSE 

Sou™: Respenive manufacturers of the filter 
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Overhead storage tanks'. The cost of an over Hie ground storage tank will vary with die material 
of Hie lank. A range of materials can be used depending on the alTordabllity of the users - simple 
recycled steel drums to PVC or IIDFli (high-density polyeUiyJeiie) tanks, from frrroremnni lanks 
to HCC tanks. The second most important rnsi determinant will be tho size nf Hie lank (see Table 
5.4: Some typical costs of storage tanks). 


Table S.4: Some typical costs of storage tanks 


Material 

Cost per litre (Rsl 

8rick masonry* 

3-50 

PVC (poly vinyl chloride} tanks 

Light - 2. 3D ; Hew ”3.20. 4.20, 4.80 

Stieetafc brand tanks 

3.80 

Smtex brand tanks 

4.00 

Gangs brand tanks 

2.80 

Hindai brajid tanks 

2.20 

8PL brand tanks 

2.20 

Femo-cement 

2.50 

PCC (roller-compacted concrete} 

8.00 

Source: purvey of hardware shops in Delhi undertaken by CSE in 201 1; * Bfick masuri (y qoo1ai.ton fry Delhi based contractors 


Water treatment: Water treatment systems Table S3: Some typical costs of water purifiers 
are usually used when water is used for 
drinking purposes. Walor treatment systems 
range from simple disinfectants such as 
chlorine, alum to reverse osmosis systems. 

There are a number nf branded products 
available m tho market (see Table 5,5: £ome 
typical costs oj water purifiers). 


Recharge structures and underground storage 
tanks: The cost of building recharge 

structures will vary widely from place to place 
depending on die local rates for labour, materials and transport. Two kinds of cost estimates are 
provided here. The first lists eosis for a system consisting of an underground sump, recharge pit, 
til ter tank and overhead tanks from the residence of N Arunachaiam, Madurai. 2006 (sec Table 
5.6: Cost of setting up an RWIi structure . Madurai l An expected cost structure of a recharge 
structure nr underground tank, based on a survey of hardware shops in Hie national capital of 
DeJJii is also provided {see Table 5.7: Expected costs for RWH components „ Delhi). 


Technology 

Price range (Rsj 

Ceramic candies 

1501,200 

lodged resin 

Around 300 

Ultraviolet 

4.000-9,500 

Reverse a&mosis 

10,00018,000 

Cartridge 

1,500-1,600 

Source: Survey of hardware- shops in Delhi underlain by CSE 
in 2011 


Table 5.6 : Cast at setting up an RWH structure, Madurai 


Part of rainwater harvesting 
system 

Dimensions 

Total cost 

m 

Underground storage tank 

3.66 m x 1,22 m x 2.44 en » 10.895 nr’ 

17.860 

Filter tank 

335 m x 1.1 m x 2.44 m = 8.995 m 3 

14,740 

Fiber media 


3,000 

PVC tank [3) 

10,000 litres 

7,500 

Pif>e$ 


1,000 

Total 


44,100 

Source: M 4mnaftialam, Madurai 




Table 5.7: Expected costs tor HWH component*. Delhi 


Item 

Unit 

Rate (Rs! 

Excavation in all kinds of soil 

cu m 

150 

Excavation in tod rocks 

cu m 

350 

PCC foundation 

c u ITT 

3,200 

Brick work 

cu m 

3,000 

Naif brick work 

sq m 

4,200 

Plaster 

sq m 

120 

RCC (roller compacted concrete! 

cu m 

0,500 

Dulling 4 inches die recharge bore in soil usmg hand auger 

metre 

230 

Drilling 6 inches dia recharge bore in so3 using band auger 

nielre 

300 

Drilling 4 inches dia recharge bore m hard rock using mechanical drill 

metre 

700 

Drilling 6 inches recharge bore in hard rock using mecharacal drill 

metre 

aoo 

Collection chamber 30 x 30 x 30 cm 

each 

800 

Collection chamber 45 x 45 x 45 cm 

each 

1,500 

Collection chamto GO x 60 x 75 cm 

each 

2,500 

PVC (pory vinyl chloride!! slotted pipe 

4 inches 

300 

PVC slotted pipe 

6 inches 

450 

Air venl/covef 4 inches 

each 

20 

Air vent/ccvel 6 inches 

each 

50 

Metal grill cover 

Kg 

50 

Welded wire mesh 

Kfi 

50 

Chicken wine mesh 

sq feet 

3 

Source: Civil works cost prodded by Delh- contractors costs oF rt^dymade hardware matenal from a survey of hardware shops in 
Delhi irv 2C1 1 



ECONOMIC BENEFITS 


Rainwater harwsLmg systems provide additional and quality water Ye l peoplr are often 
reluctant to invest in a system when they get assured municipal water supply since its is 
supplied at highly subsidised rates. 


The mud vat inn to invest in a HWH system tomes only when: 

* Municipal water supply is erratic or insullldent; 

* Municipal water is of puur quality; 

■ Municipal water supply is expensive, say, for industries; 

* Specifically when municipal water supply docs not exist 


How can the economic benefits from rainwater harvesting systems be quantified? 

To take an example, it can be calculated by adding up the savings derived from spending on water 
tanker supply and / or the municipal water bill 

* Expense for constructing a rainwater harvesting systems = Rs 3 lakh 

* Annual expense for purchase of water from tankers = Rs GG r GQG 

* Annual expense for municipal water supply = Rs Z4 r G00 

■ Total annual water bill = Rs B4.DOO 

Tanker water supply was stopped after rainwater harvesting system began to yield water. 

* Annual savings In water bill = Rs 60 r 000 

* Number of years taken to recover cost of Investment = 3OO r OQO/6O r O0O = 5 years 

■ Payback period to recover investment - g years 
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PREPARING YOUR BUDGET 


CASE STUDY 


PAYBACK ANALYSES OF CYGNU5 MICROSYSTEMS, HYDERABAD 


Cygnus MicrosysLtiillii, located in the Cherapafly Indus trial Area of Hyderabad, dees not gel 
municipal water supply. The only source Is ground water which is extracted from a 107 in deep 
boreweH. The company decided to invest in a HWI1 and collection system to save on buying 
bottled water for its 60 staff members. St harvests rain from only a third of its roof area, which 
suffices for drinking purposes, h spent a total of Rs 2 lakh on the KWH system, including the 
investment fur a Aquaguard system and c [horoscope fur water purification, li recovered its 
investment in Jus l under three years. The RWH system has been In use since 2004. 

Culler lion of rainwater fur drinking 

The terrace is about 1,000 sq m but less than uiie third of it is used Ibr harvesting rainwater 
which Is used for drinking purposes. This area is cordoned olT Irom the rest of the terrace by a 
1 foot (20.5 cm) high wall. The rainwater is let out through three outlets at the rear of the 
terrace which arc connected to 4-inch PVC pipes. The water is first passed through a filter which 
has gravel of different sizes. The filtered water passes into an under ground sump of 65*000 litres 
capacity, LhaL forms the hulk storage. A gate valve- based provision has been made to bypass the 
filter in case the sump is full. The sump is designed to prevent light from penetrating so that 
algal growth Inside is avoided. Vents to release vapour pressure arc provided on the sump. An 
arrangement to lei water overflow from the .sump (in ra.se there is a fresh inlet when the sump 
is full) is also provided. Ail LED- based waLer level Indicator has also been provided. 

For day-to-day use. the water collected Ln the sump is pumped to an overhead Sin Lex tank 
when required. From this tank, water is piped to the consumption points, after passing through 

Figure 5.1: A third of the roof provides enough drinking water 
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an ^(Uaguard filter rtt tile point of use Every day about Wi litres of water is ns.-d lor drinking 
by the stall members. The stored water is sulTlclent in List the entire year. 

Water needed lur Ini lets, cleaning and other Lises are snnrecd front the hn reive If and rhe 
veil ame n-(| uired is ubuuL 1.5011 If t res/d iiv. 

1'ollrrlHin i.il rainwater fur gardening 

A sp,,| lllfl ™mp of about 72,500 litre rapacity has also been conslrtu ted. The catchmenL area for 
ihis sump is the roof of the parking shed, fhn area of tile roof of the shed is approximately 27 Ti 
5(| in. I' liis water is passed through a Idler, which also remains gravel of dill ere nl sizes. Filtered 
vi.iier passes to the si u rage sump. When required, water is pumped from Ihis sump and used 
lor gardening purposes The water supplements the bn reive 1 1 water and is sufficient for one 
complete season to water the plants during the dry period. Maintenance includes only cleaning 
of the catchments. sump and filler once a year. 



ttubihi Inytunr of ( Mftitix stand* in front nflho Jitter Ittnk on top of the underground sump 



f'hv sump ihiif cotterts trot erf rum the sloped mof of the shod 
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The total plot area Is about 1 aero C 4 J.SiJHJ sq ml. With ilio average precipitation in Hyderabad 
btung about £0(J mm in a year, and assuming 5U per cent of ibis precipitation can be l)ami.sLi‘d, 
the total harvestablu precipitation on die pfoL works out to bo about 12 lakh litres annually The 
two sumps described above: account for a total storage rapacity of approximately 02 lakh 
litres. An attempt has been made u> ensure that the remainder of the precipitation amounting 
lo more than Hi lakh litres annually is sunk into the ground within the premises, thereby 
recharging the ground water levels. Two pits have been dug to harvest the uncollected run-oil 
and any uverllow from the rainwater collection tanks. Drains running along the building channel 
this excess water to the harvesting pits, one of which is inside the premises, The overflow from 
this is diverted to another recharge pit just outside the premises. A gale arrangement is made 
to hold the water for some time so that the ilrsi pit has a chance to absorb the water. These RWH 
pits are located at the lowest point of the plot. They contain layers of gravel metal and brickbats 
to increase their absorption. 

Quality of rainwater for drinking purposes-. As Cygmis is using only rainwater for drinking 
purposes, the company regularly gets tile water quality tested. 

Annual sewings and payback: Before harvesting and using rainwater fur drinking purposes, 
Cygnus was buying bottled water for drinking purposes aL Rs 6,000 per month {Rs 72,00(Vyear), 
The rainwater harvesting system was built in 20U4 at a cost of approximately Ks 2 lakhs The 
cost includes the Aquuguard. E lio cost of maintaining the system is Rs 500-1,000 per year for 
cleaning of the catchment, sump and filter, and also for chlorination. 

The annual saving therefore works out to Rs 71,000 per year HRs 6,000 x 123 - l,000| 

Payback period = 200,000/71,000 = 2.75 or 2 years 9 months 


System details 

Drinking water tank 

Total moftop area: 645 sq rn 

Rain water potential: B04 x 645 x o,@ = 414:864 litres 
Volume of storage tank: 65,00a lines 
Volume of filtering tank: 6,000 litres 

Gardening tank 

Total rooftop afea: 275 sq m 

Rainwater potential: 804 x 275 x o.S = 176,990 litres 

Volume of storage tank: 72,500 litres 

Volume of filtering tank: 1,000 litres 

Designed and implemented by 

Babiia M tngewar, Cygnus Microsystems (P) Limited 
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Harvesting for storage 


Storage Kinks lor harvesti'd niiuwatrr can bn builL both undr.rgrount! anil overground. Eti tin- 
L-irirs i j T f r l i j urui and Rajasihan, where rnolinp harvesting was practfeort traditionally rainwntnr 
from the roof was cuIJnutad in underground Links in the courtyard or within the buildings. Called 
f urtkus. those tanks would supply drinking water throughout the year. Some am still in use 
today. Eel Mizoram, in tile north-east, tanks made or galvanised iron, tin or rnneroto Fire 
commonly used in store rainwater fur drinking purposes. These are all overground* pen-hud on 
roofs or mostly aside the hill homes. These are the traditions mi which modern builders ran 
draw inspiration from when designing their own RYVH systems. 

STORAGE TANKS 

Storage tanks can lie made out of a variety of materials ranging from east Iron shoots and 
polyvinyl chloride IPYO to brick and cHmcroto (see Table G l : Tgpp&qf tanks) Fur all ranks, some 
basic precautions must lie taken during ermstmetion. 

Underground tanks van be made nf bricks, stone slabs, slate or riles set In cement, 
Regardless of the material chosen to build the tanks,, they should be durable and waterproof. 
The tank should have a non- toxic surface, particularly when used to store water for drinking 
purposes. All tanks must be covered tightly to prevent contamination Tanks need in he sited 
(dose to tilt! calc I hue* in and point of use to reduce cos< and leakages. 

The earth arum id Lhe Lank should he able to bear the weight of the tank when it is tilled up 
with water, which is a heavy material, a litre weighing a kilogramme, Therefore, the earth must 
be compacted around the Lank Lightly and thn soil must settle thoroughly before lei ting any 
water into the lank. Those tanks which are circular In shape have a greater capacity to 
withstand the weight of water. 


Table 6 1; Ty pas of tanks 

Varisui materials including piastres, bricks. TJ and concrete raay be uses 


Type 

Characteristics 

Life in year* 

Cost/lrtre 

Polyethylene, 
polypropylene and other 
similar synthetic material 

Lightweight, resistant to '.vale/, rostproot, and easily 
Sranspnrtafe. 

10-15 

Rs 3 - 5 

Brick masonry 

Long life, non-reactive, should be maintained. 

15-30 

Rs 3-4 

Reinforced cement 
concrete 

Durable and iong lasting, but prone to cracking. If lined 
inside with ceramic tiles, it is potable. 

50-75 

fte 8- 10 

Ferro-temeht 

Made out of cement, sand, water and strengthened 
with steel wire or mesh. Structurally more efficient than 
masonry but prone to cracking and requires maintenance. 

10-15 

Rs 2 2.50 

Galvanised iron 

Last iron, when coated with hot zin-; is called galvanised 
-tor and th*s process makes the iron rust-proof. Is 
lightweight and inexpensive. Zinc dissolves m potable 
water ; therefore, the tank must be lined inside 
with plastic. High maintenance required 

1520 

Rs 3-4 


ftfote: rnl5 Ivrve been compiled ba-^ed nn .=i survey of snaps jnd carmano^ -n DHH 
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Underground storage lank* should bo made watertight hy phsinrfng thr insides wilh cement 
in abimL a LI I me -quarter Ijirii thickness Carr ^hmibl hr Lzikrn to ensure dial Ihr water dues liuL 
leak into the sol!- J hr tn-p of the tank should have a large enough opening so lhal s person can 
climb inside tn clean the tank or midi make repairs. 

Over the ground tanks mtLSi be Filled with an inlet pipe at she top of the tank, millet pipe aL 
the bottom. a drain pipe in clean out ihr tank, overflow pipe and a valve with ball limn assembly. 
Inlet, outlet or vent pipes must be fined during eon strut: Imn and not after, in order to avoid 
leakages. 

NUMBERS OF STORAGE STRUCTURES 


The number n I' tanks will depend on the site rimdiiijons: 

* volume of rainwater that can he harvested; 

* water demand; 

* space available; 

* layout of the building; 

■ size of the storage tank; and r 

■ budget. 

When there is more than one storage tank, it can be an advantage, since they ran be shill down 
for maintenance by rot a linn, and thus water can be availed a l am lime. 

SITING AND POSITION OFTANKS 

Tanks can be sited overground nr underground. While using overhead tanks, the inlet pipe 
should be lower than the lowest down lake -pipe From the catchment. Tanks should be sited as 
close as possible to the catch men l and point of use to reduce costs and leakages and make 
collection and storage inure efficient While catchments should hr away from tree overhang 10 
prevent contain i nation from dried leaves and bird droppings, storage tanks should be in shady 
places. 'S he overflow from the storage lanks should be al minimum, I in away, from the 
foundation of ihe building (see Figure 6.1: When constructing storage tanks ,, and fable 6.2. 
Siting of Minks). 


Tab le 6.2: Siting of tanks 

Determines the ettectiveonss of The system 


Parameters 

Underground tank 

Ground-level tanks 

Cost 

Fstpnnsive. as costs o! excavation aFe 
additional 

Cheapest. Can pe made ol any 
material as per the budget available 

Space 

Once constructed and levelled, space can 
be used for other purposes 

Constraint in dense urban areas 

Contamination 

When properly made and srted, very little 
chances of centaminaben. Water will stay fresh 
tor a long tome 

No chances of contammaticn from 
sewage. But there are higher chances 
of growth of bacteria and algae as 
the tanks am exposed to sunlight 

Water quality 

it regularly maintained, -can get drinking water 
quakty 

if placed m shade away from direcl 
sunlight, charges o( contamination are 
reduced 

Structural damage 

Care must be taken during construction. Musi be 
properly strengthened and cemented to prevent 
cracks as they will be more difficult to repair 

Concrete, brick or synthetic materials 
will not damage easily but 
ferrchcement can crack . Easier to 
repair than underground tanks 

Ease Df accessing 
water 

Water has to be pumped up and wilt 
use energy 

It aft a higher level wafer can be taken 
out using gravity 
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Figure 6.1; When constructing storage tanks... 


1. Tank should foe properly covered to 
prevent algal growth. The cover must 
be property sized to facilitate entry for 
cleaning. 

2 inlet pipe should come from a level 
that is higher them the top of the tank. 

3. There must be an overfEow pipe and 
the mouth of the pipe must be covered 
with mesh to prevent entry of insects. 

4. The outlet pipe should drew water 
from the middle - neither from the top 
nor from the bottom to prevent 
floating debris or settled contaminants. 

5. There must be a drain pipe for wash 
out during cleaning. 

6. The tank must rest on a strong and firm 
base. 

7 The inside surface must be non -toxic 

&. Floor to slope towards drain outlet- 
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Tanks mtist he j fifed at feast otte mefer 
away from wall of buildings 



Timka* musf 6* 1 sited In shad if pfnres 6 m/ 
not directly under trees 
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HARVESTING FOR STORAGE 



SfZING OF STORAGE STRUCTURES 


Estimating the size of the storage tank correctly is very important., as it is often the most 
expensive part nf the system. When rainfall is distributed uniformly throughout the year, the 
tank size ran be relatively small as water can be filled up regularly across the year. The rainy 
months uf the year may no! be coterminous with the period of peak demand. Sizing the storage 
Lank will depend on: 

* Water demand 

■ Average annual rainfall data for your area 

* Number of rainy days 

* Catchment area 

* Number of dry day ^scarcity period 

SIZING BASED ON DEMAND FOR DRY PERIOD 

if a person cannot get data on rainfall, a simple calculation based on minimum requirements for 
drinking and cooking for the dry period can hi! undertaken to calculate tank size: 


Number of people in a family = 6 

Per capita consumption of watef - 10 litres per capita daily (Ipcd) 

Dry period = 100 days 

Total demand for dry period ~ 6 k 1C x 100 = G,0QG litres 

Allowance space for inlet and outlet pipes = add 10 per cent volume = 6,600 litres. A storage of 
6,600 litre capacity can then be built. 


A simple thumb rule to follow: 

A: Sizing the Lank based on availability 

* Where the rainfall is available for only a short period and St is noL likely to meet all your 
demand Sr then It is bettor to plan for the period when there is most scarcity or the period 
whon water is not available from any oilier source. This is why you also need to know' your 
number of dry days or most scarce period. 

* If available rainwater is less than the demand, then the storage tank should be built Li> hold 
all the rainwater that you can collect. In this method, you will be matching the capacity of 
the tank to the area of the roof. 

B; Sizing the tank based on demand 

* If the available rainwater is more than this water you need, then tile storage tank should be 
built to hold only the amount of water you need. In this method, you will be matching the 
capacity of the tank to the quantity of water required by its users. 

* [Size of storage tank = Water demand x number of days of water scarcity] 

* In places like the northeast, where rainfall is plentiful, the water demand of the entire 
household can be met from rainwater. But in most urban cities* * it is belter to store rainwater 
to meet only a pari of your total water demand. 

* This technique can be used In the absence of any rainfall data and is easily understood. 

In practice, tbo costs, financial resources and the construction methods tend to limit the tank 
size to smaller capacities than would otherwise be justified by roof areas or the likely needs of 
consumers. For Lids reason, elaborate calculations aimed at matching tank capacity to roof area 
is usually unnecessary. 

On co the size has been decided, the choice of materials will depend on personal choice, budget 
and locally available materials and technology. 
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Calculating size of tank 



Rainfall - 500 mm 


Rooftop area: 100 sq m 

Per capita consumption; ioq I pud 

Water to store for dry days: 2 k 100 x 1 00 - 

20.000 litres 

Available rain water: 100 k SQO k 0 8 = 

40.000 litres 

Availability more than demand 

Sizing of tank based on demand: 20,000 litres 


S. Eased on demand 



Rooftop area: too sq m 

Per capita consumption: 60 Ipcd 

Water to store for dry days: 5 x 60 x 100 = 
30,000 litres 

Available rainwater: too x 2S0 k 0,8 = 20,000 
litres 

Demand more than availability 

Sizing of tank based on availability: 20 r 00tl 
I Ft res 



SIZING BASED ON WATER BALANCE METHOD (OR RAINFALL) 


Ibis technique involves detailed record keeping of 
rainfall received, volume accumulated in Lho lank, 
water being used and net water left in Lank. The 
size of the tank is calcinated based on ihe 
maximum vein mo of water remaining in the tank. 
MM S barm a of Hastinnpur Colony used Lhis method 
lu arrive at the size of his [storage Lank. Sharma 
Incorporated the rainwater harvesting design at the 
construction stage in 1995. The storage tank for 
rain water has been placed under the floor of the 
bruise, 

Municipal water in this area Is supplied on 
alternate days and that too for an hour only. Not 
only liiaL. the water is supplied at odd hours P often 
as early as 4 AM. During periods of scarcity, water 
is supplied every three days, for 45 minutes m even 
less, 

S harm a kepi detailed records of rainfall, volume 
being accumulated in the tank, water being used 
and net water left in ihe Lank, lie calculated i.hn 
balance of water that could be stored in tile Lank 
alter deducting the probable daily use of water - 
&50 litres. The maximum water likely to be in the 



1/ \I Sharma in&idr h is m imvatrr storage 
tank 
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HARVESTING FOR STORAGE 



Graph: Monthly rainwater collected, monthly use of water 



140000 


40000 


Cumulative volume at rainwater collected (ft u R) (litres] 
Cumulative use of water from tank I litres) 

Balance water \n tank (litres) 


Swjtcp; MMSiurma, Hyderabad 


tank was calculated at 54,436 litres. From this, he arrived at the optima] storage smi oF the tank 
- 54,800 litres. However, bharma constructed a bigger tank of about 90,000 litre capacity, 
keeping in mind the structural design of the house and making allowances tor higher rainfall. 
He says that a simple rule of thumb would be to construct a tank that would hold between 
35-45 per cent of the total water harvesting potential. 

The total cost to build the lank came to Hs 33.000. Additional costs were incurred for a 
polyurethane tank {ffcs 3J100), an electric pump (Ks 3,000) and lls 3,000 for pipes and plumbing. 
In ail S harm a spent Rs 41,000. This is about 8.2 per rent of the total amount spent for the 
construction. A substantial part - abuuL FLs 1 8,000- uf this money was spent on making a strong 
ItCC cover for the tank, which also serves as Hie Hour for the kitchen, storeroom and living mom 
floor area. Ho says that it took ham just 7 years to recover the cost. He has also stopped using 
waiter sourced from the 55 m deep bore well from the year 2003. 


System details 

Total Rooftop Area = l&osq. m 

Rainwater Potential = B04 x 160 x a . 3 = 102912 litres 

Volume of Storage Tank « 90,000 litres 

Volume of Filter Tank = 25,000 litres 

Mesh size of the three filter chambers 

l in The First Filter Chamber = 2.5 cm x 2.5 cm 

2, In The Second Chamber * 1 cm x 1 cm 

3, In The Third Chamber = 2 mm a 2 mm 
Cost = Rs_ 41,000 in the year 1995 
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Harvesting for recharge 


Krr barge structures channelise rainwater into ihe aquifer, an absuiuLe necessity in the context 
of the rapidly declining groundwater table across India. Recharging also serves to prevent 
flooding in cities during intense rain spells. In coastal areas, if serves in control saline intrusion. 

The design of a recharge system depends tin site -spec she conditions such as topography, 
hydro- geology, rainfall, available space and economic feasibility. 


ifcl THUMB RULE: FOB RECHARGE STRUCTURES 

* Do not recharge soils that have a heavy content of clay, which expands when wet and shrink? when 
dry. This can Cause damage to building foundations, 

■ Do not recharge if the land slopes towards a building. Water will run toward the foundations. 

* Good soils for recharge are sand, loan, loamy sand and sandy bam. 

* Ensuring the quality ni water recharged is a very important consideration for recharge systems. 


TYPES OF RECHARGE STRUCTURES 


Recharge structures are mainly of the following lypes: 

a. Kedwgn pits (with nnd without bores} 

b. Recharge tre nches I with and without horns) 

c. Recharge wells 

In addition, dugwolls or tube wells that are no longer in use can be converted into recharge 
Structures- Usually, recharge wells are combined with settle me nt/desUting tanks while pits and 
trenches are constructed without settlement tanks. 


Table 7.1; Characteristics of different recharge structures 

The depth of n recharge ]>rt. length of a bcnepipe m a well and volume of a trench are important factors 


Recharge pit 

Recharge pit (with bore) 

Recharge well 

i 

Recharge bench 

Used in places where 
soil is sandy 
Eg, Chennas, Puri 

Where the top layers of 
sml/rock may net be 
permeable 

For larger catchments 

From paved ground 
catchments such as near 
gates 

Shallow Cwts with 
filtering materials 

Shallow pit lined with 
bricks on She s?des. filled 
with filtering material and 
has a recharge bore pipe 

Has a settlement tar*., a 
sump filled with filtering 
materials and one or more 
recharge bore-pipes 

Large trench with filtering 
materials and recharge 
bores 

No constructed base. 
Open to the soil at 
bottom, perforated 
caver on top 

No constructed base. 
Open to Ihe sod at bottom 
with a perforated cover on 

m 

Constructed base 
Not open to the soil 

Constructed base Not 
open to the soil. Metal 
grfll cover 

Design consideration: 
Permeability of so*l 

Design consideration: 
Availability oF uermeable layer 
at relatively shallow depths 

Design consideration: 
Settlement tank to stow 
down the water flow. Length 
at bore pipe should be above 
groundwater level 

Design consideration: 
Volume of bench to 
exclude space occupied 
by filtering material 






RECHARGE PIT 

Tills is (he simplest recharge structure p suited 
Tor small catchments. IL Ls mostly used where (ho 
soil is permeable to recharge the shallow 
aquifer, or provides water for Lhc mots of plants. 
Alsu railed percolation pits, they ran ho circular 
or ret- (angular and havo no inlei tar overflow 
pipe. They are located kii low- lying areas so that 
water can automatically How into the structure. 
Ideaily, there should hr one percolation pit for 
every 23 square metre (sq ml*. 

A recharge pit is about 0 3-0.6 ill on each 
side. Its depth can range from 0. 6-1.5 m, 
depending on the catch mem area and rainfall. 
The pit is filled with gravel, pebbles, sand or 
broken bricks to filler the water bo lore U 
reaches the aquifer I see Figure 7.1: Recharge 
pit). 

Recharge pits require relatively clean water 
to prevent its clogging and should be sited well 
away from the base of buildings, They require 
very little maintenance, though, except periodic 
cleaning of the tiller materials. 

Where the soil i.s not permeable such as 
clayey soils, the recharge pits can be fitted with 
a recharge bore (see Figure 7.3: Recharge pit 
with bore ) through which the water reaches the 
first permeable stratum. The bore can be 150- 
350 mm in diameter and the depth of ibn bore 
will depend on the depth at which permeable 
strata can he found. 


Figure 7 r l ■ Recharge pit 



Figure 7.2 Rechar ga pit with bore 



Redraft bore 


Th<i recharge here can be drilled with a manual auger unless hard rock is found at. a shallow 
depth. The pit can be lined with a brirk/stone wail with openings {weep-holes) at regular 
intervals. The pit can have a perforated rover. 

RECHARGE TRENCH 


A recharge trench is excavated in tile ground and refilled with porous media like pebbles and 
boulders. It Ls a continuous trench and suitable for places where there is no drain, channels nr 
a rainwater pipe in collect run-off and where water is wasted without being (rapped, leading (e 
waterlogging on the road. |( collects the run-off from paved or mi paved areas draining out of a 


compound and could be dug across 
(be slope i3 !' (he land. 

A recharge trench does not have 
inlet and overflow pipes. Si should be 
covered with a metal grill cover or 
perforated Kff. slab od lop. 

A recharge trench can be 0.5-1 m 
wide and 1-1,5 in deep. The length of 
the recharge trench Is dec ided on the 
basis of the run-off expected and 
space available io dig the trench. As 
in the case of recharge pits, a trench 
can be combined -with recharge 


Figure 7.3: Recharge trench with bore 



Metal drill 
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Good practice for recharge 

The recharge bore should newer 
reach the aquifer. It should 
terminate some way above the 
water table. 

This- ensures that the water 
being recharged is further filtered 
through sufficient thickness of soil 
before reaching the aquifer.. 

As a thumb rule, the depth of 
the bore should be above the post- 
monsoon level of groundwater. 

Figure; Depth of recharge bore 


bore* to reach deeper strata. The base nf ibc trench can 
be ce me sited or left as It is. Similar to pits, the trench has 
filter materials such as brick bats, pebbles and gravel. 

RECHARGE WELLS 

Water enters the aquifer through a recharge well, unlike 
a hare well, which extracts groundwater. It is used where 
Lhc soil is not so permeable allowing for easy recharge 
a] id where it is necessary to reach deeper ground to find 
permeable strata. For instance, when there is a clayey 
nr rocky layer on top of permeabie strata, the recharge 
pipe is designed lg reach that stratum. 

It consists tit a tank or a pit filled with filter materials 
such as coarse sand, pebbies and gravel and a recharge 
bore that will reach the permeable stratum. A pit is 
excavated to a depth of about 1.5-2 m, and in the middle 
of the pit, a borehole is drilled- It can be made with a 
manual auger or drilling equipment depending on the 
geology of the site. The recharge pipe, which is fitted 
into the recharge bore, has a diameter of about 150-300 
mm. The pit has a cement concrete base and the sides 
are lined with brick masonry nr RCC walls. In some parts 
of the country* circular concrete rings are used to make 
a circular recharge well. 

The depth of the bore will depend on the hydro- 
geology ef the site. The pipe has perforations or slots for 

a part of its length so that water ean seep into the bore. Here pipes can be made of mild steel 
IMS) or polyvinyl chloride (PVCL The former is expensive, prone t a rusting and difficult to slot, 
En contrast, PVC pipes are cheaper* non-corrosive and easy to slut. However, they may leach 
toxic chemicals after prolonged use, a distinct disadvantage - 

The space between the recharge bore and the sides nf the rcr barge pi Ms filled with filtering 
materials such as gravel, pebbles and coarse sand. This purlin n of the recharge boro can also 
bo covered in jute or coir materials for additional filtering. The recharge pit has an inlet and an 
overflow pipe and is covered with a concrete slab that can be lifted to let a person in fur 
maintenance activities. 

Figure 7.4 Recharge well with settlement tank 

Settlement tank 



071 




o 


i C 


HDW TD PUN JUJU DESIGN JIN IMffl 5YSTEIM '» SI 



Sc Hi em cut/ desLltf ii g c ham her 

A recharge well is usually combined with a settlement chamber that provider the first level of 
filtration. This is a small tank or pit that collects the first run-off and allows the water to settle 
before going Into Lhe recharge well. The silt and sediments settle at the bottom while dean water 
flows into the recharge well. 

For catchments with a higher sediment load, the filtration capacity 4 if r.he chamber can be 
enhanced through an in-built filtration system. The tank is divided into two chambers by a baffle 
wall. Water enters the first chamber and the silt settles at the bottom. Clearer water from the 
top flows into the second chamber which is provided with filter materials. The Filtered water is 
led into the recharge well 

RECHARGING THROUGH ABANDONED BOREWELLS OR DUGWELL5 


Dugwells or bore we Us that have ceased to hold 
water and are therefore defunct can be used as 
recharge welEs. The cost of sinking a recharge 
bore is thus saved. Water from the roof or 
other catchments can be led through a pipe* to 
the abandoned bore well or do gw ell. In the 
rase of a tube well, the top 1-2 m of the cast- 
iron casing can be removed and replaced with 
a slotted or perforated pipe so that more 
surface area is available For the water to 
percolate- The perforated portion can be 
covered with a commute or nylon mesh for 
additional filtration. If a Hssgwell is used for 
recharge, die well lining should have openings 
(weep -boles) at regular intervals to allow 
seepage of water through the sides. Dugwells 
should bp covered to prevent mosquito 
breeding and entry of leaves and debris. 

RECHARGING IN-USE BOR EWELLS 
AND DUGWELLS 

In many places, bore wells and dsigwells are 
recharged directly. In such cases, abuitdam 
precaution must he taken lo ensure that tile 
water is adequately filtered before j[ reaches 




Casing of tubou*etl (top), slotted pipe thpfowt 
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the aquifer. Water Irurn ihn roof iw other oatchraenlb can be ted tn a sc‘!tlrmm tank and a 
mr barge pit with filtering materials [Jug a little distance awav from the boro well or dugwrll. 

SIZfNG OF RECHARGE STRUCTURES 


Rainwater takes some time to percolate into the soil. Therefore* the structures must hr so 
designed to bold most (at least two-1 birds) of the water that runs off during the most intense 
spell of rain m a day, which, on an average, does not last longer than 30-40 minutes in India. 
Thereafter the rain Fall stows down even in eases of continuous rainfall. Coastal cities like Kochi, 
Mumbai and cities in the North-east have longer bile use spells and cities like Delhi or 
Ahmad abad have shorter intense durations. To determine the size of til e recharge structure, the 
volume o I' rainfall during iho most Intense spoil of 15-30 minutes is calculated for ibe given 
catchment area. 

(Sre Annexttre I for rain full ml vast ties of select cities} 

Sizing a recharge trench 

As water fur the recharge trenches enters directly from unpaved or paved areas, a higher 
quantity of filler materials is needed. While sizing the recharge trench or trough, allowance has 
to he made for at least half tile volume of the trenrh to he used up by filler materials. 


Catchment area (A); 100 sq m 

Run-off coefficient (C): 0.G 

Peak rainfall intensity in 15 minutes (I): 16 mm 

Rainwater volume in 15 minutes of rainfall: 100 x 0.6 x 16 = 960 litres 

Volume of the trench should be 960 litres. 

Filter materials take up at least half the capacity of the trench* the size of the recharge trench 
should be double the capacity needed to hold the run off r ie. t r 920 or rounded to 2*000 litres. 

Dimensions of the trench: length x width x depth: 2roxlmxim = 2cumor 2 r 000 litres 


Table 7.2: Sizing of recharge structure 

Volume of water dunng most intense per?od of rainfall determines size 


Description 

Delhi 

Mumbai 

Catchment area 

100 sq m 

100 sq m 

Durahun of intense spell 

\ 5 minutes 

30 minutes 

Average peak intensity of raanfall/hoLir 
\ hosed Oil 25-year average) 

64 mm 

100 mm 

Rim-off coefftcieest leverage of different 
types of catchments) 

0.6 

0.6 

Volume of water generated x peak raerlall 
H cp-etftcrent 

100 x 16 x 0.6 = 960 ftres 

100 * 50 x G.b = 3,000 litres 

Recharge pit volume: 2/3 of rain volume 

640 litres 

2,000 litres 

Dimensions of recharge prt (l| x \h\ n <d) 

1 m x 0.75 m x 1 m = 760 litres 

1 m x 1 m * 2,5 m = 2,500 litres 

Space for filter materials and the invert level 1 

750-640 = 110 litres 

2,500 2,000 = 500 litres 

-nettt Tht. 1 ntvfirl level h the deplh at which the inrc^ing pi|,x l |OlhS Ipv.' 'Charge pH will have tn be taker* mlo account to 
calculate desired dimerram 
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Step by step construction of recharge well 

fn search of permeable strata to sink a borehole 

Step 1 (Figure 1): Excavate the earth. 

Step 2 (Figure 2): Prepare a footing (base: 15-20 
cm) with plain cement concrete (PCC) on which 
the masonry brkk wall will be erected. Prepare 
masonry on RCC walls. 

Step 3 (Figure 3}: Make a borehole to facilitate 
groundwater recharging. 

Step 4 (Figure 4k Insert the bore pipe with slots 
into the borehole. Cover the slotted portions 
with jute COir- 

Step 5 (Figure 5): Fdl the well with filter 
materials- Cover the tank (RCC/stone slah/metal 
grill). Provide a manhole for entry into structure. 


Figure 1: Excavate earth 



Figure 2: Prepare masonry on RCC walls 


Figure 3: Drill a bo re hole 



Figure 4: Insert bore pipe 



Figure 5: Fill bore with niter material 




POINTS TO NOTE FOR CONSTRUCTION OF RECHARGE STRUCTURES 

Before beginning the conslrmillon of a recharge structure, the following must be assessed: 

■ Soil and rock profile: of liie site; 

* Quality and quantity of water; 

* Intensity of rainfall; 

* Depth in Lite aquifer and its properties; 

* Type of land use. industrial, agricultural or residential; 

■ Type of catchment, paved or un paved area. 

Soil and rock profile: Soil and rock profile determine the kind of recharge structure Where soils 
or substrata is of low permeability, wells or shafts penetrating The .substrata are the only means 
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Stages of construction of a recharge well, Delhi Gymkhana Club 



F.xtfirn fling earth prior to setting up system Exemption and drifting of bore pipe 



Const rucl ion of brick trait Complete neharye u t il with fitter material 



of recharge. Where there is a shallow aquifer overlaid hy clay. it can be removed and il recharge 
pit can be cons true led. If the geological profile is of hard rock, u is better to cons true L storage 
systems. Recharge or percolation ptis are suitable for smaller catchments where then? is no 
space available lu construct recharge well? or trenches. 


Quality and quant by of water; The quality of water is rritical to aquifer recharge Pi] (ration 
systems must bo constructed to remove suspended solids and biological and chemical impurities. 
Accumulation of debris or other organic impurities will facilitate the growth nf bacteria and 
algae, which clogs recharge structures and slows down the rate of recharge. The quality of water 
affects the efficiency and the lift; of a recharge structure. Water for recharge should he far away 
from sewers, areas where detergents, pesticides, herbicides or other chemical substances have 
been used 


Intensity of rainfall: The rainfall intensity m a particular site will Influence the size of the 
recharge structures. In places of very high rain fa] I intensity, a large volume of water will 
accumulate quickly and the recharge structure must be large enough to hold the rainfall. The 
recharge here must have a larger diameter and deep enough to deliver the water quickly and 
efficiently to the aquifer. Where the intensity is low, the structure can be smaller with a shallow 
bore. 

Depth of the aquifer and aquifer properties: Recharge Is best done where the groundwater 
table is at a minimum depth of about tt metres below ground level. The aquifer must he thick, 
porous, permeable and homogenous for ideal recharge conditions. 
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CASE STUDY 

CENTRE FOR SCIENCE AND ENVIRON MENT, NEW DELHI 


I'he Cnnlnt fur Science and r.nvinmmeni IGSLI built a system lu harvest rainwater in i ! OT, when 
Ihr organ isa tin n was just beginning to initiate its rainwater harvesting 4RWHI advocacy. The 
plan was Lu build a live drmmislratkrn of a RWH system in an nrhim area in motivate others 

A simple system was designed. It comprised uf the following: 

* Rooharge pits with horns to reach water to the firs! permeable layer of soils around the 
building in the unpaved areas. 

* Recharge trench at the front of (he building to arrest water Front Rowing away. 

* Recharge well tcoverted from an old storage tank) to recharge water from the roof areas. 

* Using a defunct borewell to recharge water from roof areas. 



Figure 7.6; CUE'S rainwater harvesting system 


Source: Centre tar Science end Environment^ New Delhi 


Recharge pits 

III order to capture the rainwater that Frills on the uupavoH area around (In: building, 13 
recharge pits have been constructed all around (he building, Inch <d the pits have a brick -lined 
collection chamber. In the middle of (his sump a 30 feet (9.14 nil bore was dug and a recharge 
pipe was inserted. The pipe was sinned in the top portion of the pipe m allow tbr (he entry of 
the water The slotted portion is also wrapped in coir to add to the fill ration process. The top of 


SB < • CJdtH WJOEH where it FAUS - > 


the pipe is covered by el pot to prevent thr entry oF debris into the pipe. A perforated RCH trover 
is pi need over the pit. 


Dimensions of the recharge pits [length (\) x breadth (b) k depth (d)l;: Di in k 0,6 m x 0.5 m 
Unpaued area catchment; 615 sq m 

Ret hargir Ln 3 nrh 

The recharge trench is situated at the gate and prevents any water Irani going out of the 
building. It is a long trench with three recharge pits and covered with an iron grill. 

Dimensions of the recharge trench (Ixbud): 6.2 m x 0.7 m x 05 m =117 cu m 
Dimensions of recharge pit within trench (fxbxd): 0.3 m x 0,3 m x 0.3 m = 0.9 cu m 
Total trench volume: 3.07 cu m 
Un paved catchment area: 133 sq m 

Rainfall intensity used for design: 90 mm/hour or 22,5 mm/ T 5 minutes 

Rainwater harvesting potential in 15 minutes: 33 x 0,023 a 0.5 = 1.53 cu m 

Space for filter materials: 1.53 cu m 

Volume of trench should be: 1,53 + 1,53 =■ 3.06 cu m 

Actual trench volume: 3.07 clt m 


I led! urging through a defunct boreweR 

Rainwater from the rooftops that drains tow aids the rear nf the building is channeled to a 
defunct here well. 

Pipes bring water from the roofs at two different levels to a central point at the northeast 
corner ul the building. There Ls a small collection chamber fJ It x 1.5 ft s 1,5 ft) that collects 
water from three pipe*. From here water is led down through a vertical pipe that 3s concealed 
within the building. The mouth of this pipe is nnvored with a mesh to I! Iter out gross 
rent am in ants such as leaves and other debris. Water is channeled from tile but tom of the 
vertical pipe to the abandoned bore well. 

The tup portion of the defunct bore was removed and replaced with a slotted pipe. A sump 
was built and lined with a hrirk wall. 'S he top of the sump is covered with a HCC cover to prevent 
debris from entering the system. The sump is 11 lied with filter media made up of pebbles and 
stones to a depth of 30 an. The bore pipe is 45 m deep. 

Recharge weU 

Rainwater that falls on the open terrace in each uF the Four floors of the building is channeled 
to an open pond. The pond acts as a settlement Lank. The overflow of this Lank is led to a 
recharge well located in the from of the building. 


Dimensions of the recharge well (I x b x d): 2.B m x 1,75 m x 3.0 m 
Filter materials are filled up to a depth of 75 cm. 

Volume of the recharge well sump = 11.03 cum 

Rooftop area for the recharge well: (Floors 1 -5) = 35 + 25 +■ 23 + 9 + 20 = 1 1 2 sq m 
Rainwater harvesting potential in 15 minutes = 112 x 0.023 x 0.& = 2,06 cu m 


hi Lliis case, the recharge well stunp was constructed as a storage Lank and later converted into 
a recharge well and therefore the volume of tile sump is larger than what would be required to 
retain rainwater in a spell of 15 minutes. 

Raising t*F stormwater drains 

Openings into tile municipal stormwater drains were raised to prevent rainwater From flowing 
into them. 
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Graph 7.1 Groundwater level 


Year 


2004 2005 2006 2007 2010 2011 



72 - 1 


Source; Cfrvre ‘or Science' and trwironmenl, Npw De'hl 


IMPACT 

I'his institution barely gets any municipal water supply, Therefore, it has to tin pm id on 
hnrewells. The demand For water has been steadily rising as die number of persons have 
increased h> 20 per cent, Nevertheless, the pust-monseau groundwater level lias been 
maintained around fin me ires be lew ground level Ini bg!l. 
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Filter 


Kainwaier is relatively dean and thus does nut need complex filtering. Commonly used filler 
systems based on a combination of sand and gravel will keep out most organic pollutants. If 
rainwater is used fur drinking purposes - and whore' money i.s nm an issue - residents rnn set 
up household filtering Systems at point of use. 

There are a number of in-built mechanisms within a rainwater harvesting (RWHj system [hat 
ensures that the water finally stored or recharged is of good quality. The number and type of 
filter mechanisms. used would depend on the end -use of the rainwater harvested. 

Four types of fiJtratiuu processes can be used in the KWH system: 

* Separation or screening: This is the first level of filtration and separates out gross pollutants 
such as leaves, droppings and other materials. 

* First flush; At Lite second level, the first spell of rain containing dissolved impurities - the first 
Hush - are allowed to How away. 

* Filtration. Filters remove dissolved organic and Inorganic particles In the rainwater, before 
it is collected. 

* Settlement tanks: Settling tanks remove silt and other coarse materials. 

LEAF SCREENS 

As a first step when col lee ting rainwater leaves, animal litter and other debris sin sold he kept 
out from the roof catchment area, particularly, where there ts a tree overhang, Simple meshes 
otjatis made of iron, wire, nylon or plastic can be used for this purpose. The leaf screens (see 
Figure 8.1- Leaf srrcens\ can be placed anywhere through the system as per convenience - uu 
I ho roof at the entrance of the down-pipes or gutters, at the end of the down -pipes or gutters, 
at the entrance of . storage tanks. Leaf screens must ho regularly cleaned to remove accumulated 
debris. Otherwise, the pipes will got dogged and prevent water from flowing, which can be a 
health hazard. 


Figure B.l: Leaf screens 

Leaf Ecrapn on 
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FIRST FLUSH DEVICES 


Catchments fimd! to accumulate Li in 
and dust, and Eifier a long, dry 
summer, the first spell of rain WtU 
absorb dust particles from the air as 
well as from the roof c-atehmonls. 

Loaf screens cannot keep nut these 
mm luiu intuits. To remove these, the 
simplest way is to throw away the 
Initial spell of rainwater. The first 
Hush device ensures this [see Figure 
K.2: First {lush device). 

There is no exact calculation 
that, determines the amount of 
rainwater that should he discarded, 

It depends on a variety of factors: 

* The condition of the catchment: 
the dirtier the catchment, more 
will he the water that needs to be discarded; 

* Type of catchment: Smooth catchments and sloped roofs will need less water to wash oil 
contaminants instead of rough catrhnmnls and a Hat roof- 

* The dry period before the rain: Alter a long and dusty summer, more water will be needed 
to get rid of the dissolved dust particles and other contaminants . As against this, in hilly 
areas, where there is frequent rainfall, after the first spell of rain, less water needs to be 
discarded; 

* Area of the catchment: Small catehnionts require less water to Hush uuL contaminants as lirst 
flush; and, 

* Intensity and amount of rainfall: This is one of the most important factors that determine lhe 
amount of water that will need to be discarded. If Lhe first spell of rain is ail Intense hurst nf 
raiti, then in a short span of time, more water will be delivered. When the intensity of rain is 
loss, it will Lake a longer time u\ get rid of contaminants and begin delivering clean water. 


Figure S.2: First flash device 







water is 


rain falls in short, intense rain spells the manual 


First Hush devices range from simple manual devices - that require a person to monitor and 
regulate the flow of rainwater - to automatic systems based on fixed volume and Flow rate 
Tnr Indian conditions, when 1 
arrangement is a practical solution. 

Farcy and Cullis recommends that the 
firsL 15-20 minutes of Lhe first rainfall 
be discarded us first llush, J 


Manual downlake pipe flap nr n&ltie: 
The simplest first flush device is the 
rinwnlake pipe which has a closed end 
with a cap I luring the first spell of 
rain, this cap is opened so that the first 
flush of water flows down the pipe into 
{’jig rJl p i s shut later and the 
ii reeled In Lu a pipe that leads 
me storage lank or recharge 
Structure. 


Fixed volume first flush system: 

Another option Is to have a tank nf a 
fixed volume that can receive the First flush diverter manually operated h*j end cap 
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initial rainwater. The intake pipe is dosed uil 
with a manual nr automatic valve. She water 
in the tank i -.an bn emptied nut and used flbr 
gardening: or [negation. An automatic shul-uIT 
system can also he 1 a simple ball-cock system 
that is commonly used in water storage tanks 
to cut-olT supply nf water. When the first flush 
tank is filled up. Use supply will he directed to 
the storage tank. 

What should be the volume of a first flush 
tank? As outlined before, 1 His depends on a 
Dumber of factors. As a thumb rule, fur an 
area of 100 square metre isq ml, a first. Hush 
volume nf about 4(1 litres should be thrown 
away. Titus, tor every sq m of roof area, a 
volume of 0.4-0, 5 Hires should he thrown away 
as first flush. 1 

Systems are also available whereby 
separate arrangements for removing first Hush 
and filtration are not necessary. In (he case of 
readymade filter solutions such as found in 
Madhya Pradesh, the first Hush Is incorporated 
with In the system. 


FILTERS 

Fillers are needed to remove fine particles of dust or bacteria from ihc water. A filter unit Is a 
chamber filled with filtering media such as layers of boulders, pebbles, gravel, coarse sand and 
fibre to remove debris and din from water before ii enters the storage lank or recharge 
structure. Charcoal can be added lor additional filtration if water is to be used for human 
consuuLplmn. 

Selection of a filler depends on: 

* Purpose of use 

■ Quality of run-off 

* Type of catchment 

* Amount of slit load 

* Type of recharge structure 

Figure 8.3: Simpte sand fitter 



Fimt JJiish direrirr manually operated by a mire 
- this system is briny nurd in Dewaa, Madhya 
Pradesh 
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0 / simple miul filter bring used in ihe A saw ltd Ion of Engineers 
budding. Kolkata. It has gravel and pebbles 



,1 type ttf simple sand filter 
designed by \ \ Shroff, tt 
ftfiS Cl rc/u6inflii(?/l of sand, 
pebble# and eharcoat 
within a PVC pipe, A nylon 
wire mesh covers the inlet 


Simple sand filler: A simple bu ikvi nr drum cm he used lor nitration of water into a storage 
tank, The drum must be lined at Llie bottom with gravel ol average size :t nun in diameter. Then 
a layer of coarse sand Is added which is the main filtering medium. Over this another layer of 
coarse gravel is pul to prevent the sand being scoured by Ihe inflow id' water Where water Is 
being rec barged, llie nitration materials are coarser and made up of pebbles and gravel. The 
simple sand filler (see figure ft .3: Simple sand filter) eau ho enhanced to function mure 
efficiently by adding materials such as charcoal and jute coir 

[he basic combination of sand and gravel is today used to make ready-made niters such as 
Varun filter Dewas litter Amber filter and Vioayak filter 

Dewas filters: The filter consists of a P VC pipe, 140 mm in diameter and 1.2 m in length. It is 
placed horizontally. It is divided into three chambers, all 11 1 led with pebbles of different sizes. 
The first chamber has the smallest pebbles, approximately 2-fi mm in diameter: the second, 



A variation of Dewas fitter used by l r fluvt Parunjpe in Mumbai 
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pebbles of 6- I 2 mm ;ieicI the third, pebbles of 1 2-20 mm diameter. At the end of the final 
chamber, there is a wire sikey.li. ihtougti which rln.ui water flews. The water thus filtered is used 
la recharge groundwater. I he tiller was designed by engineers of the public; health engineering 
department, Dewas. 
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i erracemml jitter: A ferrucement tank is built using jelly {coarse blue metal) and charcoal as 
the filter medium. A 6- inch layer of charcoal is laid over a 6-inch layer of jelly of 40 mm 
thickness. This type of filter is widely used in the RWH systems in Kerala, flttnd over fprruen intuit 
tanks. A ferrocemenl filter of 20-30 litres capacity costs approximately Rs 3, 000. 3 


Inrun filler: This sin s pie filter was designed by S 
VLswajiaih , a Bangalore -based RWH expert. An 
ordinary high-density polyethylene IHDPE) or 
ferrocement drum of about W-1Q0 litres is used to 
house the niter made of a combination of sand, 
gravel and charcoal. [ he ild of the drum is punched 
with holes to let in water and prevent larger 
contaminants such as leaves and other large 
substances. As an alternative, nylon sties h can be 
tied across the top of tile drum. 

The drum is filled to a height of maximum 12 
inches i0-3 metres! with layers of sponge and sand 
or grave] and sand isee Figure &A:- inrun filter). 
Addition of charcoal as a filler medium helps in 
improved filtration This drum can handle water 
from a roof catchment of about 50 sq m and an 
Intensity of about 5f! mm/hour. For a 100 sq in 
catchment two such drums can be used. A filter that 
can service a rooftop area of LOU sq m i price in 
Bangalore in 2006: Ks 4,500h 4 


Figure B. 4: Via ru n niter 



Hainy filter.- The 11! ter medium used here is a low carbon galvanised steel cylinder wilh a mesh 
size nf 250 ini i: runs. The filter is enclosed in an outer casing of polyethylene and the filter can 
withstand a rainfall intensity of 75 mm/hnur. The working of the filter is based on the principles 
of cohesive force and centrifugal force. The filter comes in four sizes meant for a rucf catchment 
area of 1 Hi sq m. 225 sq m, 35G sq in. and 50U sq m. The price ranges from Rs 5,850 to 21 .375 




Ralnwaier 
— inlel 


Vertically placed 
filter elemefrl 


Open Gndfrd 
drain outlet 
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FILTER SYSTEMS 


AMR i I* 



\mber filter 


(inclusive nf taxes!. It e arn ml remove 
bartmiologicaJ rontamluams. ll ran be used 
Ibr recharge systems where the water will 
further undergo filtration through the soil. Il 
is designed oti d markeLed by Fannin] id Rain 
Water Harvesting System based in 
Lhickamagaltir, Karnataka (see Figure 6.6: 
Rainy ft tier\* 

Amber filter: 'I his. has been developed b> 
Association fur Motivation of Biosphere and 
Environmental Revolution i AMR I -EEL a non- 
go ve r n me n t a I > U'ga n i s a t i on w< trk Ing in 
Bhopal- h is fitted on to the down take pipe 
and consists of a see Lion ior the first flush 
and another section containing die filter At 
both ends of the filter there is an iron nr 
nylon mesh that acts as a sieve. A charcoal 
layer is in the centre of the filler, which has 
layers of grave I h pebbles anil sand, arranged 
symmetrically on both sides. I he entire filter 
length is about a metre long for an area of 
about lOEl sq in. Filtered water goes down 
the down take pipe. A 6 Inches dia filter costs 
Rs 6.f>00, 


Fop- up jitter: The pop-up filter has been designed by Karnataka State Council of Science and 
Technology and is currently being man nfacturcd by Raj Irritoch IPs ltd, Ahmedabad. It ha* three 
components^ rainwater receptor. Hush valve and filter element. In the receptor, rainwater Rows 
limn ugh the downtake pipe provided with a Hush valve which flushes out the iho first. Hew along 
with leaves and dust. Water received in the receptor flows upwards against gravity through a 
filler dement that filters out most of the floating elements and allow water Lu stabilise in Ltiis 
filtration zone, It later flows out through an outlet, which can be led to a storage tank. The filter 
element is mounted on a vortical stabiliser pipe with a friction fit. 


Figure 8.6: Cross- section diagram of pop-up filter 



S*Lfce: Karnataka Stale Council at Science end "fechnowgy 
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Wntiftak Jitter 


The filter element needs tci be cleaned 
periodically during the rainy season to remove the 
filtered material. As sue El, when the filter element 
gets dogged, a built-in safety mechanism pushes out 
Lhe filter element from the stabiliser pipe and allows 
the water to flow out freely. Tins prevents Hooding of 
the rooftop due to the dogged III ter. When rainwater 
starts flowing out of a vent hole provided on the top 
of the filter element, it is the first indication of the 
filter dogging 

A pop-up filter of 1 10 mm can handle water from a roof area ul 1,000 sq feet sq m ? with 
an annual average rainfall of 1.000 mm. The cost uf a filler that caters to a roof area of 1.200 
sq feel H I 1 sq mj is Rs 3,990. 


5 mches dia 


1,360 


6 iric hes dia 


1,500 


Source: Vircayjk Water Fi i.+ri' Solutions. 
Dew* 


Diameter of filter 


Cost (Rs] 


4 mches dis 


1.150 


Figure 8 . 7 : Cross-section diagram of 
Vinayak filters 


Input 


10 cm firavei 


5 cm gravel 

5 ttn charcoal 
layer 

5 cm sand layer 


Output 

Table fl. l: Cost of Vinayak filters 


r 
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\maijnk filter: This filLer has been developed by Vinayak Water Sulufimis. Dewas. The filter has 
a central layer uf charcoal [5 cm layer!- On tup uf the charcoal layer is 5 cm of gravel and below 
the charcoal layer is E> cm of sand. Rach layer nT filter material is separated by a nylon mesh- Al 
both ends there are identical layers uf gravel (10 end, The entire filter media is enclosed In a 
VVC pipe that is closed at Hie tup with an inlet pipe and at the bolt urn with an outlet pipe (see 
Figure 8.6: Cross- section diagram of Vinayak fitter!. 

[h^ilting t hambers or .nettle men l tanks: Lies thing chambers are designed Us remove sill and 
other floating iin pur 1 Lies and prevent clogging of the recharge structure. They are necessary for 
catchments that produce a large load of silt, tree leaves and other debris such as schools, 
colleges, colonies, farmhouses or other large establishments. Typically, rainwater that is 
collected from the catchment is diverted by drainpipes to a settlement or dn silting tank and then 
directed into the recharge well. 
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A desilting chamber Is like an ordinary storage wmtainrr having provisions Jbr inflow of 
water from the catchment, outflow of water to the recharge well and aJiows for overflow of 
water. It can be divided by a baffle wall into two compartments where the first compartment 
collects water from the catchment, reduces the velocity of water, resulting in settlement of 
coarse impurities at the bottom. Water from the first chamber overflows from above the baffle 
wad to the second chamber, which is filled with filtering materials like gravel and pebbles. This 
serves to further arrest impurities in the water 

Apart from removing silt from the water, the dosUting chamber at: is like a buffer in the 
system. In case of excess rainfall. Lhe rale of recharge, especially of borewells, may not match 
the rate of rainfalh 3n such situations, the desihing chamber holds the excess amount of water 
till it is soaked up by the recharge structure. Any container fniasnnry or concrete underground 
tanks, old unused tanks, pre- fabricated PVC or ferrocement tanks) with adequate capacity of 
storage ran be used. 

Sizing the ilesikmg chamber: This is similar to the principles used for sizing the recharge pit. 
(5ee Chapter 7, Section 2 far details) 


ft « CUCH WATER WHEFtf IT FALLS ^ =■ 


09 

Maintenance 


The standard i^r iiiainlnmm:! 1 of a rainwater hanpsting lliHlLl system determines both th^ 
quality and quantity nf water harvested. Rainwater Es one of the ( leanest sources of water, 
except where the atmosphere is likely to he polluted by industrial or other urban activities. Tlj 
make the must t^ii of the RWH system, a number of preventive and curative measures must be 
undertaken as part of a regular maintenance and monitoring programme. These measures are 
meant fur every part of the RWH sysla in - the catchment area, the conveyance system of pipes 
and gutters, storage tanks and recharge systems. 

Water from a clean roof catchment Is nearly of pot a hie standards and needs little further 
treatment even lor drinking purposes. Keeping the roof clean is the simplest and the most cusl- 
e Flee live way of collecting quality rainwater 



PREVENTIVE TIPS 


The roof 

■ Clean the roof catchment, and 
outlets thoroughly before the 
unset of i hr rains. Thereafter, 
clean the roof regularly 
throughout the rainy season. 

* Wash or sweep the roof to 
clear away dust, leaves, bird 
droppings and other debris. 

* Trim overhanging tree 
branches. This will minimise 
entry of leaves, branches, 
bird droppings and animals 
into the catchment area. 

* On metallic roofs, paint 
rusted portions and Tlx holes. 
On Cited root's r Ox broken Liles. 

* Ensure that the entry nf 
dow ntake pipes or gutters are 
screened with a leaf-mesh, 
which will prevent the entry 
ol debris into the RWH 
system. 

■ Ensure that the roof has a 
proper slope towards the 
outlets, which in turn slope 
towards the (lovvnluke pipes 
so that the water Rows 
naturally away from the roof 
and dors not. stagnate. 



Clean, cemented roof catchment, residence of l Shroff Indore 



Corrugated from nwf catchment, Woodslwk School Musttooric 







57 


O 


SUSHtafTA 5ENGUFTA/CSE SLStMTA SEfciJ FTA K SE 


Leaf screens 

* Clean the roof end leaf mesh regularly, especially before tile onset of mins. 

* Replace damaged or defective screens or meshes 

* t insure I hat the leaf screen is iixed in such a way ihat water drains out oF the roof easily 

Cx utters and down take pipes 

* Gutters must be securely Fixed to the walls. Check that wail brackets are in good shape and 
holding up the gutters well That way water will not spill over. 

* Check that fitters are sloped towards the down take pipes. 

* Clean gutters a i accumulated debris, dirl and dust before Lhe onset of rains. It possible, enver 
the length of the gutter with a leal' mesh or screen. 

* Chock that down take pipes are not broken. 

* Inspect, join Ls for leakages. 



Dutrnffikr pipr. Pmfmmi sVficffw //file/, \titnso urle 



t hum take pipe pettily fixed on h o// Wwrtfouwk School Mta&o&rir 


Final flush devices 

* Clean removable caps on downtake pipes of any sludge or stagnate water. 

* Clean stagnant water in llrst Hush tanks. 

* if there Is a float mechanism, check if it is in proper working order. 

Filters 

* fake nut the filter materials, wash or if necessary, replace them. 

■ Replace coir, sand and other line material*. 

* Remove, wash and replace sand. 

* Clean out accumulated slit. 
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Storage flanks 

* Clean lank, remove ^ fit, and flirty 
water at feast nnre ft year. 

* White wash walls il‘ necessary. 

* Ensure that the tank is properly 
covered and all Light exdudsd to 
prevent growth nf algae and 
bartoria- 

* Make timely repairs in prevent 
tracks, especially In I'errocemenl 
tanks. 

* An additional measure to keep the 
water clean could be the provision uf 
a coarse niter or a mesh at the end of 
the inlet pipe Leading into the tank. 



Storage tank qflrr its annual Hranin^ at resident:*' of 
fate 0 FShttrma. tndore 


Recharge structures 

* Annually, desllt recharge structures. 

■ lie amove and wash filtering materials such as pebbles and coir and replace when necessary. 

* Put iron mesh to cover nil stormwater drains. 

* Clean open drains regularly by removing deposits of sand and gravel. 

* Cover drain outlets and inlets with iron mesh. 


Impact of defective construction and maintenance 

Defective construction and badly maintained rainwater harvesting (RWH) systems can be a source 
of problems. In Cuddaloie r Tamil Nadu, RWH systems have been implemented in all buildings as 
part of a mandatory rule, the state gove rumen i has provided standard specifications for 
construction of RWH systems under she Groundwater Regulation Act, 2003. However, when 
scientists from the Vector Control Research Centre, Pondicherry undertook a study in 2006 on vector 
proliferation in the town, they found that faulty maintenance practices had led to the stagnation 
of wafer and mosquito breeding. 


Table: When maintenance takes a back-seat 


Type of maintenance fauit 

Result 

Lack of regular cleaning u\ fling material ir- 
percoldlxun ysts/tenks 

Stagnation of water in percolation pits 

Obstruction of too* anri gutter with garbage in tiled houses 

Stagnation of water on rents 

D racks on sidewalls ot percolation grts 

Entry of ovipositing fern-ale mosquitoes 

blockage of conveyance pipes by garbage 

Stagnation of water m rods 

Obstruction of PVC pipes imied to wells with debris 

Stagnation of water 

Damages to conveyance structure 

Leakage of rainwater into street drams or seepage 
of suHage water into the system 

Open plastic/ton drums used lor harvesting rainwater 

Promoted mosquito proliferation 

fie conveyance pipe in system or percolation pits 

System does not work stagnation of water 

Squk«- Centre Science and Lnyircnment Mew ro^hi 
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MAINTAINING COMMUNITY RWH SYSTEMS 


Maintaining KWH systems in colonies or high rise buildings present additional challenges, The 
success of RWH depends on Els regular inspection and main ton anco. From the very beginning, 
systems must be made to put In place fur Lhis to happen automatic ally. The system will include: 

* Identification and training of persons who will carry out regular maintenance. 

* Fund allocation for maintenance. 

* Setting up a committee and a system for election of members who will be responsible tor 
maintenance. 

* Awareness creation of all residents so that all riii?ens contribute to the mafnle nance. 


Maintenance tasks 




Keep the gaiter xerurely fixed 



The stonier funk prefix to be washed 



Keep the oullcts dean 



The fiftertank needs to he kept dean 



The trenrh has to itefree of debris 


n <-= catch wjtren mm it ialls - 


PHOTOS: Tti&U.-' f.Sd 


Step-by-step cleaning of recharge structures 




filter material ftwAWesJ jfro/n p/I 



flcTnocr parf* i>/ iwrAorgv 1 JrrrcrA for etctintng 



Wash the Jilt material 



f fear t recharge hurt* and jitter ma ten if l 



Put hack the parts uf the rerharffe trench 
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MAINTENANCE 




Poorly maintained structures 



Rooftop covered over fry teaiws 





Cracked dvwntatx pipe 



fbwmtnfce pipe md connected to the roof 


Settlement chamber filled with debris fmntba} 



Broken conduit system ( pipe leading frtun rooftop 
to reehargc well), garbage dumped around the 
recharge well 



Cracked RCL rover of a recharge welt 
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Rainwater quality 


One i>r the Ilnsl questions that people ask 
iiboul rainwater - is it of good quality? Is iL lit 
Utr drinking or cooking? Can it be used for 
household purposes? Rainwater is loss 
susceptible to turn Lamination, especially when 
compared to groundwater, which has become 
a major source of water. It Is usually free of 
colour and odour and Lhcrc is less likelihood 
of it being contaminated by human faeces or 
chemicals - which leach into ground water. 

Rainwater also does not coo Lain minerals. 

Thus its use ss an effective way to lower 
groundwater extraction and avoid 
groundwater- related diseases {see Box: Avoid 
diseases, use rainwater} . 

Rainwater gets contaminated at various 
points in the system when it is poorly designed 
or maintained (see Table IfU: Soanes of 
contamination and prevention methods). This 
is why, when designing the system, it is 
important to keep quality issues in mind. Thereafter, regular cleaning and maintenance 
measures ensure good water quality Where rainwater is used for drinking, additional protection 
can be secured Llimugh a variety of measures. 


Avoid diseases, use rainwater 

In recent years, fluoride and arsenic 
contamination of groundwater has become 
widespread in India. It results in fluorosis, 
(which affects the dental, skeletal and 
neurolog real systems J and arsenicovis (cancers 
of the skin, bladder, lung) and aggravates 
diabetes and kidney malfunctions. Treatment 
is expensive and mostly irreversible. 

While there are efforts to develop filters 
to separate arsenic and fluorides out of water 
these are expensive and need to he handled 
carefully, A simple method to avoid 
contamination would be to harvest rainwater 
and use it for drinking and cooking purposes. 
This method is being taken up on a large scale 
in affected areas in India and Bangladesh. 


TYPES OF CONTAMINANTS 


Halnwaler contaminated when it combines with heavy mf'taJs and other impurities dial may 
bo present on the rucF, in tanks or other par is of - the system: 

* Debris: Visible contaminants such as leaves, twigs, bird or animal dropping, insects and dust 

i hose materials rail harbour invisible micro-organisms as well as traces of pesticides or 
ulImt chemicals. 

* Minerals: bound naturally in the environment as inorganic salts such as sodium bicarbonate, 
sodium chloride and other similar .salts of calcium or magnesium. The presence of minerals 
makes water hard, Rainwater is virtually devoid of salts and is normally slightly acidic 
because of tiLssoEvod car bun, sulphur or nitrogen. 

Metals: Contamination takes place from metallic elements such as lead, copper, iron and zinc 
found in construction material used for rooting and in pipes and fittings. This could affect the 
Irmk and laslc of water, 

* Agricultural chemicals: These are usually found where surface land areas are used as 
catchments and whore agricultural chemicals have been used fur crops such as fertilisers or 
pesticides. 

* t oust ruction chemicals: A wide array of chemicals are used in the construction industry, 
such as water-proofing chemicals, water repellents, tile adhesives, anti -corrosive substances 
and oven simple paints. 
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Tabic 10.1: Sources of conta-minaftion and prevention methods 


Bart of RWH system 

Contaminants & source 

Prevention methods 

Roof 

* DusVair pollutants from 
surrounding area 

* Bacteria from bfrd/animal 
droppings 

* Organic debris such as leaves 
or other plant materials from 
overhanging trees 

* Toxic chemicals il roof is 
treated, painted or ?5 made of 
aged asbestos 

* Regular cteanmg of catchments 

* Trim overhanging branches 

* Leaf mesh 

* First flush 

* Avoid painted/treated roofs 

* Avoid harvesting water in areas close to places 
where there may be continuous presence of air 
pollutants such as from cement plants and other 
industries 

Conveyance pipes and! 
gutters- 

* Toxic chemicals., when 
conveyance Systems are made 
of material that can leach 
toxic substances 

* Accumulated dust or debns 

* Ensure conveyance pipes are made of non-toxic 
substances 

* Regular cleaning ol p*pes and gutters 

■ Fixing gutters and pipes them appropriately to 
prevent water stagnating 

Storage tanks 

* Mosquito larvae where tank 
water is not properly protected 
to prevent entry ot mosquitoes 

* Dust or debris, silt, organic 
debris 

* Growth of bacteria, algae 

• Proper scaling of covers, regular cleaning of 
tanks 

• Fitter systems at enlry points into tanks 

• Use non-tewc materials such as plastic, metal, 
cement, brick masonry, ferr&cement 

• Prevent sunlight from entering tank 

Underground storage 
systems 

* Dust, silt, bacteria, organic 
debris, chemical contamination,, 
sewage 

• Proper sealing of covers 

• RegLiar cteanmg of tanks 

■ Fitter systems at entry points into tanks 

• Avoid water from areas where agricufturaJ 
chemicals are used 

Recharge systems 
1 

* Dust, industrial air pollutants,. 
sitL bacteria, organic debus, 
cherracal contamination, 
sewage resulting from non- 
maintenance of recliarge tanks 
and filter media 

* Avoid water from catchments in industrial areas 

* Regular cleaning of destitution c hamper and 
recharge tanks 

* Annual maintenance of titter metfea 

* Site tanks far away from sewage pipes/sook^its 

* Regular repair of storage tank waits 


* Volatile organic rnm pounds: These axe either present in the air and absorbed by rain or rises 
from land surfaces. There is a danger of contamination when water is harvested in industrial 
areas and typical contaminants could be oil. grease, solvents and petroleum products, 

■ biological contaminants: These can be bacteria viruses or fungi and the source for this type 
of contamination is the RWH system itself. These may be disease- causing or benign, but in 
either case they must be removed for potable purposes. Microbiological contaminants are 
never found In the rainwater itself, but may be present in different purls of the system such 
as the roof, the storage containers, gutters or even in tile filter systems, where maintenance 
and cleaning are not regularly dune. 


PURIFICATION OF HARVESTED RAINWATER 

When rainwater is used for drinking, an extra level of purification can he undertaken. This is fiver 
and above the filtration and maintenance measures. Biological contaminants such as bacteria, 
viruses, protozoans and cysts can be removed by a variety of disinfection measures, which include 
boiling, chlorination, micro-filtration and ultra- violet |UV|f treatment. There are also readymade 
systems based on activated carbon, reverse osmosis and ion exchange that are more expensive. 
The World Health Organisation has set some quality benchmarks for the maximum level of 
contaminants allowed (see [ able \i}.Z: Quality guidelines far harvested rainwater). 
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Table 10.2: Quality guidelines from harvested rainwater 


Parameter 

Guideline value 

Faecal coll form of E. colt 

Not detectable in a TOG ml sample 

Aluminium 

0.2 mg/i (leueJ likely to result in consumer complaints] 

Cadmium 

0-003 mg/1 

Copper 

2 mg/I 

Chloride 

250 mg/1 [level kkety to results consumer complaints) 

Fluoride 

1.5 mg/1 

Iron 

0.3 mg/1 (level likely to result in consumer complaints) 

Lead 

0,01 mg/I 

Sodium 

200 mg/S (level likely to result in consumer complaints] 

Sulphate 

250 mg/T (level likely to result in consumer complaints) 

Turbidity 

5 MTU (level Ukely to result in consumer complaints) 

Total dissolved solids 

1,000 mgA (level likely to result in consumer complaints) 

Zinc 

3 mg/1 [level Ifrely to result in consumer complaints) 

Htrte: Triew* arc £uidElines of rh* World Health Organization , 19^ 

&aui*ce: Luke Mosley 2O0S, 'Water uudity at rainwater harvesting Items', SQPAt Wiitallaneous Reporr, February, p i& 


Moiling: This is an effective purification method and simple to carry out. After the water comes 
In a boil, it should ho allowed to dn so for 1(3-15 minutes, This kills «fT the micro-organisms, 
Boiling can also drive away some of the volatile organic compounds, it can also have 
concentrations of harmful contaminants that do not vapourise such as lead, mercury, pesticides, 
and nitrates, Boiled water must be filtered through a candle filter and kept covered, ior poor 
households this is an expensive method of disinfection as commercial fuel costs are quite high. 



Chlorination: While c hi urine is used in large treatment processes, it is unsafe for domestic use, 
it should only be used if you suspect that the rainwater has been contaminated by animal faeces 
or there are signs of sickness after using rainwater Although chlorine can kill a range of 
bacteria, it may not kill all viruses or cysts. 

Its effectiveness depends on tile correct dosage and the contact time - the time during which 
chlorine is present in the water till the dine it is used I see Table IQ, 3; The treatment efficiency 
of chlorine). Chlorine dosage is based on the free residual chlorine (b-'KQ or chlorine that is 
available after it has combined with the contaminants to prevent recontajui nation, Ideally, 
dosage should allow for free chlorine at a concentration of 0.3 -0.5 mg/1 after 30 minutes. The 
general thumb rule is that an initial dose of 5 pans per million (5 rngflj of chlorine will provide 
tins residual. 1 if the stored water is in a tank, then chlorine must be mixed with water In a 
separate container before being added to the stored rainwater, After adding chlorine to the tank 
water, mix it Weil . 2 


Table 1Q.3: Common chlorine generating products and their chlorine content 


Product 

Strength 

Remarks 

High Test kfypocWDrite |HTH] 
(calcium hypochlorite) 

65% -70% 

Usually in granular form. Stable {2% active 
chlorine loss per year). 

Chlorinated Lrne. afta 
Bleaching Pov^der 

30% 

Usually jn powder Form. Mot stable, 

Household Bfeach 
(sodium hypochlorite] 

2.6% - 10% 

Liquid form. Not stable; only use «f manufactured retenfly 
(< 3 rrmuths), and stored away from heat and tight. 

Sodium DkNarDrlsocyanurate 
(NaDCC), used in products 
such as “Aquatabs". 

50% - 60% as granules. 
5mg to 5 g active 
ctilorine per tablet 

Usually in tablet form, also available m granular 
Form. Tablets pre-dosed for water treatment 
Very stable (sbelf life 5 years). 

SayrCG; h npy/www.cawsl i/mi j/.J 3M U/F i - EV'i: h 1 Of i n E pdf ii viewed in M 3 fch JQ 1 2 
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RAINWATER QUALITY 


Direct sunlight: In India, solar radiation was used Lu disinfect water sin nr ancient times, tn 
modern times, water in clear plastic transparent bottles can be disinfected by solar radiation 
and heat, T he efficiency of the disinfection will increase by painting one side of the bottle black 
to enable it Lu collect and radiate sun's heat. The water must be dear, the weather line and the 
water cooled overnight before consumption, 

SODIS: SODIS or Solar Water Disinfection was developed by scientists at tile Swiss Federal 
Institute for F.nvironmental Science and lech oology lEAWAG) as a simple method ot disinfecting 
water in tropical places where sunlight is available. It consists of three steps: (11 Settling or 
filtration to remove solid contaminants; 12} aerating filtered water in clear plastic bottles (I’l I 
bottles); I HI exposing filtered and aerated water to sunlight For a minimum of 5-6 hours. Both 
solar heal and radiation help to disinfect the water. This can be used for small volumes of low 
turbidity water, The system is highly effective against bacteria, viruses and protozoa. 


Ultra-violet rays: Ultra- violet (UVj disinfection provides a concentrated UV radiation, commonly 
through a low pressure quarts- mercury vapour lamp. The effectiveness of disinfection will 
depend on the electric power of the lamp, distance of water to the lamp and time ol exposure. 
Water must be pre- treated and devoid iiT turbidity- to be effective. Water flows around the lamp 
in a thin film This is a clean method ol treatment as nu chemical additives arc added and it dews 
not leave behind any residual matter. There is also no change in taste or odour. However, die 
cost is relatively high and requires dependable electricity supply. 


CASE STUDY 

RAINWATER FOR DRINKING AND COOKING, RESIDENCE: R RAMANI, CHENNAI 

II Haitian! of Keratin r, a suburb of tn Lhe north-west Chennai, once known for its lakes and 
ponds, has brought about a total change in the quality of the water from his open well. 

The water in his open well was not potable as it was brackish and had high levels of iron. He 
Implemented his HWII system hi lUSN so Lliei he could gel water for drinking and rooking 
purposes. His svstem is a living example of bow it is possible to meet all water needs for drinking 
and cooking in an urban situation, even for a residence that houses three families with 1 3 
persons. E In has nut purchased even a drop of tanker water since he implemented rainwater 
harvesting. The 25-year old system is still functioning perfectly. 



firnr/twitl Kinks tin roof with Jillraliuft tanks 
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WATER REQUIREMENTS 


Mr. Daciant estimates that the annual drinking and cooking nmds of dit* IkmiEius that live in his 
bungalow ti> he 48 h 600 litres. His rooftop area is just 108 sq in rtnri his storage capacity is also 
not very large - just 6 h U0U Jilres. Therefore, lie has to replenish his storage at least eight times 
Chennai receives rain from both the southwest and the northeast monsoons and additionally 
during cyclonic events. Thus it is possible to use rainwater lor all potable purposes for Lhr entire 
year. In Fact, out of tile msal rainwater collected, only a third of the water is used for drinking 
and cooking and the remaining is used Lu recharge groundwater. 




Colieclwncum-flitmfhn tank Mkratlon system before use lit kitchen 


Drinking water 

So, how does Raman i ensure that the water Is potable? Water is collected in a collection -cum - 
lijLration tank and after initial filtration is pumped to a separate section of a storage lack on the 
roof. Before entering this Lank, water undergoes aeration and filtration through charcoal. This 
water goes to a set of filters made up of river sand, charcoal and pebbles. Then It is directed to 
a Aquaguard home Jllier after which this water is used fur cooking ami drinking, 

Filtration stages for potabte use 

Stage 1 Stage 2 Stage 3 

Settling, coarse Aeration, charcoal, River sand, Stage 4 

mesh, pebbles of pebbles pebbles, charcoal, Aquaguard 

different sizes activated carbon 


Domestic use 

■be overflow from the collection tank on tile roof jukI water from paved and unpaved areas Is 
directed Lu a nitration tank and is I hen directed to three types of recharge structures: open well, 
a baby well and Lwo recharge pits. Water From the open well is pumped to an overhead tank 
where it undergoes aeration and filtration through charcoal before being stored for use. 

Filtration stages for domestic use 


Stage 1 

Settling, coarse 
mesh, pebbles of 
different sizes 


Stage 2 

Sand, pebbies, 
aeration in filtration 
tank 


Stage 3 

Recharge to 
groundwater 


Stage 4 

Aeration, charcoal, 
pebbles of water 
from well 
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RAINWATER QUALITY 



TRANSFORMATION OF THE OPEN WELL WATER QUALITY 


In the !9S0s h the open well water whs unsuitable for any use as It was high in iron, salty and 
brackish. As a result of regular recharging since 1988, hy 2001 p tho open well water had become 
clear and potable. Today, even in summers or nun-rainy days, this water is of very good quality. 
Water stored in the rainwater tank that was tested for microbiological contaminants was found 
to he completely free of faecal and total coliforms (see Table 10.4: Microbiological test rrxultsl 


Table 10,4: Microbiological test results 


Parameters 

Units 

Permissible 

1994 

1999 

2012 

pH 


6,5- 8.5 

7 

7.1 

7.0 

Turbidity 

NTU 

10 

5 

2 

2 

Total dissolved solids 

mgA 



2,000 

3,325 

1,335 

970 

Total hardness (as CaCO^J 

1 

mg/1 

600 

900 

540 

370 

Total alkalinity (as CaCOnl 

mg/i 

600 

3S0 

420 

344 

Iron (as Fe) 


0.3 

ML 

trace 

trace 


Note: Sample of S 34 was lesletl m 5 8 5 Induili iei & Enterprise*, Madras; Sample of S.4 93 was t^t^J in the water analysts 
lab Of Chenrui MelrdWatW; Sample o( G.t.2Gt2 was tesied in tfre waier anaSyst^ lab of Chengdu MefooWatw 


System details 

Total rooftop area: %oS sq m 

Volume of storage tanks: 6 F ooo litres £3*500 overhead Lank - civil) + 500 (Sintex) + 2,000 [6L sump) 
Filter media: 1-2 inch size pebbles (at bottom}, charcoal, coarse sand and half-sieved river sand [on top). 
No of filter tanks: 5 (1 ccltectlon-cum-flltration tank- 2 Sintex tanks, 200 litres capacity each with 
charcoal, pebbles)- 1 Sintex tank, 50 litre capacity each with charcoal, pebbles ; 1 ground -level Filtration 
tank) 

Recharge structures: Open well, 2 recharge wells, 2 percolation pits 
Cost: Rs 60,000 in the year 19 & B 

Designed and implemented by 

R Ramon i Chennai 


CASE STUDIES 


SECTION 


The water team of Centre for Science and Environment 
has at least 25 years of engagement with rainwater 
harvesting in India. It all began with documenting the 
country’s traditional water harvesting systems which 
culminated in the seminal publication Dying Wisdom; 
Rise, [alt and potential of India's rainwater harvesting 
systems. 

For this present study, the team has extensively 
travelled to different parts of the country to study and 
collect instances of modern rainwater harvesting 
systems. More than 80 case studies from the urban 
and peri-urban areas of the country were reviewed, 
and many of them feature in the pages that follow. 

Surveys were carried out in different physiographic 
and geologic regions of India. Different approaches in 
regions of high and scanty rainfall were analysed. 

A review of the systems in residential, institutional, 
industrial, commercial and slum areas was also done. 

Studies of the existing traditional structures were 
also made to understand the usefulness of such 
decentralised systems. This section includes a look 
into bigger recharge structures like ponds and lakes 
as well 


CATCH WATER 

Centre for Science and Environment 




• Residences across the country are adopting rainwater 
harvesting (RWH). A family in Mysore has separate 
arrangements for municipal water and rainwater. A 
businessperson in KoLkata uses rainwater just to wash 
clothes. A government residence in Meghalaya uses 
rainwater for cleaning and gardening, thus saving municipal 
water 

• Schools, hospitals and some religious bodies have been 
some of the greatest beneficiaries of RWH. With their bulk 
water requirements, stored rainwater adds to other supplies, 
such as municipal water. Even India’s Presidential Estate has 
a RWH system 

• Industries balance their groundwater intakes by recharging 
clean rainwater Into the aquifer. Hero Motocorp In Haryana is 
going in for its fifth expansion of the RWH system 

• RWH has been adopted in a wide variety of urban situations - 
from a balwadi in a slum to a sports complex 

• Citizens' efforts have cleaned up lakes, which are in effect 
large recharge structures 

• India has a rich tradition of traditional water harvesting 
systems which range from i oo-y earmold tankas in residences 
to large structures in forts. Some pre- Independence 
government buildings built by the British also have simple 
RWH structures 
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Residential 

independent residences 


RESIDENCE OF H RAMESHA 

BOGADi, MYSORE . KARNATAKA 



Tht * family of if iftimosha nr.it lo his l a QQQ-fittV kit then tank 


A too sq m roof area 
and just a i,ooo litre 
storage tank is 
sufficient for the 
drinking and cooking 
needs of this family 
of four members 
throughout the year 


H Kamesha. an engineer with the Raveri Irrigation Corporation, built a 
rainwater harvesting [\i\X I I) system in his home in 2003. With a family 
of four, hr had to source quality water, and looked to the skies. Hr Look 
into arc mini that Mysore receives good rainfall for 8-9 months a year. 
The house lias a IQG-sq m roof which captures rainwater to be stored 
In three tanks. Just the kitchen tank of 1 JJOO litres suffices for al] 
drinking and rooking needs. The water stored in the bathroom tank (of 
5 r 0G0 litres) is used for washing hair and bathing while the 
underground sump {of 6.000 litres) is also used for bathing. 

WHY: A CONCERN ABOUT QUALITY 

Before this fin use was built, R antes ha lived In tile same area - Bogadi 
- which Is dependent un municipal water supply sourced from 
groundwater. The water was not potable being highly saline and 
having a high total dissolved solid 01 >S) level Vani. Ramcsha's wife, 




si 


H 3AMFSH* 




says: a l nod conkod with the municipal supply gfits discoloured and 
even spoil! overnight." The family found the water quality Unsuitable 
even for bathing purposes. Thus, the impetus tor collecting rainwater 
in their new house. In fact, they even have separate taps for municipal 
water and rainwater in the kitchen. 



Spates fan tiq removed from the overhead tank which stores municipal water 


Rven in the new house, 
the tank Lhal stores 
municipal water - which has 
high levels of TDS or total 
dissolved solids - collects a 
lot of scales (see Box: High 
TDS in municipal water L 
This Ls borne out by tests 
conducted by a vendor who 
installed a solar water healer 
in the new house. 


RAINWATER FOR DRINKING 
AND COOKING 

Rainwater [rum die roof is 
directed to three storage 
tanks which includes the 
1 ,000-litre kitchen lank which stores water for cooking and drill king. 
Municipal supply Ls used Ibr bathing the three months ill a year when 
il does not rain, and for cleaning and gardening round the year. 

An elaborate system collects water for the kitchen tank. Rainwater 
is first directed to a filter tank. Before entry into the filter tank, a mesh 
filters out the course contaminants. The filler Lank, in turn, leads to die 


High TDS in municipal water 

A vendor who installed a solar water 
heats* in the house tested the water 
from different sources -and confirmed 
the high TOS levels in groundwater 
in the Bogadi area. 


Water source 

TDS ievete 
Imi/li 

BIS limit 
(mg/ll 

Boreal! 

1,260 

500 

Causer? nuw 

460 


Ramwater 

.x- ■-> 

SO 



Hotel: TDS t&l^ diSsulved Solids, B!S Bureau of 
Indun Standards, milligram* pci hire 
Source H Ramj?sha 
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Jargp 1,000* litre capacity tank, piared next to the kitchen. I • roin this 
tank, pipes bring water to the kitchen directly. Inside the kitchen, 
water is Tillered through a branded drinking water purifier. 

Tbo RVVH system has clearly proved beneficial. Ramesha has since 
added on to the rainwater harvesting capabilities In his home. An 
additional system to Lap water from a sloped section of the roof, 25 sq 
ni in area, has also been built, This water is directed to the 
under ground sump. 


IMPACT 

(tames ha estimates that his total water demand annually 
litres and he gets about 80.000 litres from rainwater Thus, 
per cent nt his total water demand is met by rainwater. 


Hit? milked with the knrrcsled rainwa ter 
nags l ant trife ofRameshu 


O 

m 

5 
£ 
a 

E 

to* and whitt' as jasmin ?, * 


System details 
Roof area: 125 sq m 
Storage systems: 3 tanks 
Kitchen tank: l.tiop litres 
Bathroom tank: 

5 r ooo litres 
Underground sump: 

6.000 Lftres 
Recharge system: 1 
Recharge pit: 4^*3 ft x jf 
Cost; Rs 12,000 
(excluding cost of sump) 
Year implemented: 2003 


Designed and 
implemented by: 

H Ramesha 

J 
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RESIDENTIAL 



RESIDENCE OF N ARUNACHALAM 

KADACHENANDAL, MADURAI, TAMIL NADU 



Rainwater is used 
for drinking and 
cooking for this 
family of four the 
year round- The 
municipality does 
not provide water 
and the area is 
entirely dependent 
on groundwater 


Tii« residence of N Arunachalam is located in the Kadachenandal area, 
outside the municipal limits of Madurai, He is an engineer, once 
employed with the Public Health Engineering Department of the state. 
Tb e fmir-memher family uses rail] water for drinking and conking 
throughout the year. 

WHY: LACK OF SUPPLY 

The area where he lives is nut serviced by municipal water supply. It is 
entirely dependant on groundwater, which is pumped up through a 
bore well. Arunachalam had the rainwater harvesting system built in 
to capture quality water, 

RAINWATER FOR HOUSEHOLD HEEDS AMD RECHARGE 

The size of the roof is 174 sq in and water from the rooftop passes out 
through two outlets. One outlet leads to a collection chamber and the 
water Is then directed tn a filter tank placed on the first floor of the 


14 GCTCH WKTOt ftlEMf IT FALLS > 




IJJ 

Overflow fram storage 


Storage tank 


Rtcharao bore 


tank 


System details 
Root. area: 174 sq m 
Storage system: 1 storage 
tank: 3,66 m x 1.22 m x 2,44 
m [stores 10,695 litres! 
Recharge system: 

1 recharge pit [90 cm dia. 

3 m depth) 

Year implemented: 2006 
Cost: Rs 44 ^chdo 


Designed and 
implemented by 

N Arunachajam 


house below the collection rhamhen Il consists of four layers of filter 
media: pebbles - 20 cm, charcoal - 20 cm, sand mixed with charcoal 
in the ratio 1:1-20 cm and fine sand - 1 0 cm. 

Filtered water is led to nit underfund sump of i 0.89." -litre 
capacity. This water is then pumped up in an overhead Lank, which is 
mainly used Ibr cooking and drinking. If there is excess water then 
rainwater is used for mopping, car washing, among other chores. 1'he 
overflow from the sump is directed to a recharge well. This writer 
recharges the groundwater which is accessed through a Lubewell at a 
distance of 2 in from the recharge well. 

IMPACT 

The family s monthly cooking and drinking water demand is about 600 
litres. The underground sump collects enough water for the whole 
year. 
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RESIDENTIAL 


RESIDENCE OF STEPHEN ALTER 

LANDOUR, MUSSOORIE, UTTARAKHAND 



Stephen Altar's cottage. Oakville, is perched on a hilltop in Landour. 
IVfussourLe at a height taf 2,187 in. It has a well designed rainwater 
harvesting system that was constructed in 1998. 

WHY* TO AUGMENT MUNICIPAL SUPPLY 

Rainwater supplements Lhe erratic municipal supply, which comes 
once in two days. In summers, the supply comes only once in three or 
four days. Rainwater collected from Lite roof is stored in underground 
sumps and used in the toilets, bathrooms and for laundry, cleaning and 
gardening. 


Rainwater is a 
reliable alternative 
to municipal water, 
which is not 
supplied regularly 


DUAL WATER COLLECTION SYSTEM 

Water Rowing down the sloped galvanised iron roofs Is collected in 
gutters and diverted to two water collection points. A system of manual 
valves allows the first day’s rain to he diver Led away from the system. 
From one collection point, rainwater is led to a settling tank or 1.090- 
Utre capacity front where it passes into another sedimentation tank. 

The rainwater then goes straight to the main sump, which has a 
capacity of 40,900 litres. There Is a mesh at the entry point of the main 
lank to trap any debris or other impurities. The overflow of this sump 
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System delays 
Total roof area: 644 sq m 
RooF area used for water 
harvesting = one -fourth of 
total roof area: 161 $q m 
Storage system: 2 
underground sumps 
(40, two and 20, 000- 1 it re 
capacity) 

Settling tanks: 2 (1,000 
and 400' litre capacity) 
Sedimentation tank: 

?,S ft * 2-5 ft * 2 ft 
Cost: Rs So h aoo 
Year finplemented: 1996 

Designed and 
implemented by 

Stephen Alter 


passes downhill to recharge the underground water. This water is then 
pi imped to an overhead tank of 500 litres. 

At the second e: oiler tion point rainwater is led to a settling tank of 
400-litres capacity. This lank has two compartments, in the first 
compartment, some sedimentation takes place when the water flows 
in. After this the water passes lu the adjacent compartment where 
Further desiltation takes place. Ultimately, the rainwater is stored in 
another 1111 dor ground sump of £0,000 dims. 

IMPACT 

The amount of rainwater required in one day for the flush is yo litres. 
The rainwater stored in the main sump is sufficient for one season. 
Tile water from the second sump can also last one whole season- It 
is used for gardening in summers and acts as a back-up when there is 
no municipal supply. About 200 litres is used per day. 
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RESIDENTIAL 


RESIDENCE OF 0 P SHARMA 

INDORE, MADHYA PRADESH 



Mftt&f Epumpa water from 
storage to overhead tankj 


The residence of Sate 0 P Shams a Is located in the Pipliy&kumar area 
of Indore. The rainwater liter vesting system was built in 2000- 

WHY: WATER CRISIS 

Indore is a city under the permanent throes of water scarcity. It was in 
the news way back in 1‘) f J9 for this reason. The situation had not 
changed. In 201 1 the authorities had to declare the entire district as 
water scarce. 

Pipliyak umar lies within the city municipal limits, but there is no 
municipal water supply. The entire water supply of the area is sourced 
from groundwater. At die Sharma residence, water is pumped Irum a 
122 m-deep tube well. 

DEDICATED MAINTENANCE,. INTELLIGENT USE 

The area of his rooftop is 120 sq m and collected water is directed to 
die downlake pipe. A filter has been installed in the down Lake pipe 
itself. The filter contains coal, sand and gravel in layers and die filtered 
water is taken to the underground sump. 

The total daily water demand for two persons is about 31 HI litres for 
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System details 
Total rooftop area: 

120 sq m 

Volume of storage tank: 
loo.ooo litres 
Cost: Rs 2 .S lakh 
Year implemented: 2000 

Designed and 
implemented by 

O P Sharma 


Rainwater harvesting 
has arrested the 
decline of 

groundwater levels. 
The Sharma 
household does not 
need to buy water 
evert in summer. They 
balance water usage 
from the tubewell and 
underground tank 


drinking, cooking, washing and cleaning. Rainwater is passed through 
a standard domes lie water filtration system be Birr drinking. 

The family maintains the system well. The rooftop j S kept very 
clean throughout die year, livery year before the rains, the 
underground sump is also cleaned thoroughly. 

IMPACT 

The family uses water intelligently. They do not need to buy water 
supplied by private tankers even in summer. They balance the use nf 
water from the tubewell and the underground tank so that the stored 
rainwater of 100,000 litres lasts lor the non-rainy monlhs. in contrast, 
the neighbourhood is largely dependent on these tankers. 
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RESIDENTIAL 


DEPUTY CHIEF MINISTER’S RESIDENCE 

BARIK POINT, SHILLONG, MEGHALAYA 



The residence of Meghalaya's deputy {'Met minister boasts of a simple 
and user- friendly rainwater harvesting structure. 


System details 
Total rooftop area: 

186.2 sq m 

Storage system: 3 tanks 
[each, 1,000 litres) 

Year I m piemen Led: 2001 

Designed and 
implemented by 

WAPCOS Ltd, New Delhi 
and Centrat Ground Water 
Board, Shillong 


WHY: PRY SUMMERS 

Although the building receives municipal supply, there are water 
shortages during the summer months. Meghalaya receives nearly 
2300 isim of annual rainfall spread over nearly seven months in the 
year. The rugged terrain limits the possibility ut groundwater storage. 
Storing rainwater is, therefore, a good option, in this residence, stored 
rainwater is used for gardening and cleaning. 

OPTIMAL USE Of STORAGE TANKS 

The residence does not have a very large roof area, just about 186 sq 
m, hut the storage tanks are strategically placed for optimal use. Nest 
to the kitchen* there is one storage tank that provides water For use in 
the kitchen. It is used for washing and cleaning. Two other tanks are 
close to the lawn and garden areas and are used for car wash and 
gardening. The Lanics are provided with taps for easy access. 

IMPACT 

Rainwater is used for all cleaning and gardening purposes, thus saving 
on treated municipal supply. 
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RESIDENCE OF N K KANODIA 

AUPUR, KOLKATA, WEST BENGAL 


System details 
Total catchment area: 
loo sq m 
Storage system r i 
underground sump 
C/QhOQO litres) 

Cnst: Rs, 2.5 lakh 
Year implemented: 2006 

Designed by Ranjft Gupta, 
Interdesign, Koikata 

Implemented by 

N K Kanodia 


Rainwater is 
exclusively used for 
laundry throughout 
the year, it saves 
clothes from turning 
‘yellow' from 
municipal water 





The underground sump ties below the driveway 


N K Kanodia, a Kolkata-based businessperson, ust^ rainwater ruund 
the year lor laundry. Municipal water is used fur all other purposes. 


WHY: FOR LAUNDRY 

In kolkala. municipal water supply is generally adequate. But cl 0 dies 
washed with this water tend in ‘yellow' . the colours lade and the fabric 
thickens. 


HOW IS THE WATER COLLECTED 

Kanodia uses his 300 $q m rooftop to collect rainwater This is 
channeled to collection chambers and after passing through a metallic 
sieve, collected in an HCC (reinforced cement concrete) s Lor age Eank 
constructed underground. She capacity of the storage tank is 70,000 
litres. 


IMPACT 

The Kanodia residence uses, on an average. 200 litres per day for 
laundry. The stored rainwater is enough for Ills, laundry needs. Kanodia 
says the clothes remain bright and crisp. 
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Colonies, RESIDENTIAL COLONY 

apartment 

buildings and NIZAMUDDtN (EAST), NEW DELHI 

bousing societies 

Niz&mudiUn lEaslh located u IT Mathura Road, consists of oil large and 
20U small and medium-sized plots. It also has at least 12 pubis r parks. 
The area faced a waterlogging problem. The residents decided Ln do 
something about si. 

WHYt LOW-LYING AREAS WATERLOGGED 

The colony is situated close to the Yamuna Hood plains and the sub-soil 
is a mix of sandy and clayey soils. Thus, natural recharge is difficult* 
Tiie waterlogging took place in some low-lying areas in the colony. 
During heavy downpours, the water level used to come up to the knees- 

RAINWATER FROM STORMWATER DRAINS 

In early 2U02 T residents were mobilised by Yandana Mellon, an 
architect and resident, to build rainwater harvesting systems, being a 
small colony with a Fairly large number of tenanted properties, the 
Resident Welfare Association could not coiled a large amount of funds. 
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Rainwater in the 
stormwater drains 
was tapped to 
recharge 

groundwater. This 
was an effective 
antidote to 
waterlogging 


System details 
Total rooftop and surface 
area: 2,01 I akh $q m 
Collection chambers 
(1 per recharge structure): 
0.45 m xo.45 m k 0.5 m 
Recharge pits (11}: 

1 m x 1 m x 2 m 
Recharge bore: 10 m deep 
With 150 mm dia 
Cost; Gs 179 lakh 

Designed by Centre for 
Science and Environment, 
New Delhi 

Implemented by Resident 
Welfare Association, 
Nizamuddt'n (East) 



-1 watertoggpd lane in the catting 



H&rt'evHnff the rainwater from the stormwater drain ha# stopped flooding 


Nevertheless, the idea was put into action. The plan was to use 
rainwater 10 recharge groundwater and also control the waterlogging. 

Rainwater flowing through the stormwater drains was harnessed - 
it was first lod to desHling chambers and then to recharge s true lures. 
The red large wells with fiber mid in wore laid in the numerous parks 
within tile colony. A total of II recharge structures were constructed 
rind two old structures were repaired aL a cost of Ks 1,79 lakh. 

IMPACT 

I he system was completed In 2004 and the residents could soon see the 
results. Waterlogging has reduced greatly in the colony. 
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MULTI -STOREYED APARTMENTS 

PRIYADARSHINI HEIGHTS, BHOPAL, MADHYA PRADESH 



Run-off from 
catchment 


Dowmtaka pipe 


Rechar(« well 


Pump to 
extract water 


Priyadarshini Heights, a block of 1G apartments in Guimohar Colony, 
Bhopal, was the first to install a rainwater harvesting system in Hie 
area to recharge their bore wells and end tanker supplies, 

WHY: NO MU NIC! PAL SUPPLY 

The colony was nut connected to municipal .supply till 200^. The only 
source was ground water. Tankers supplemented the decreased water 
availability from the bore well during peak summer, The Association for 
Motivation of biosphere and environmental Revolution (AMBER) 
society, a local NGO working on water conservation* convinced the 
residents that rainwater harvesting would solve their problem. 


System details 

Total rooftop area: 

5^D sq m 

Cost in 2002 (pipes and 
Filter): Rs 6,500 

Designed by Brijesh 
Namdeo, AMBER, Bhopal 
Implemented by 

Priyadarshini Heights 
Residents* Association 


RECHARGING THE BORE WEIL 

In 2002 P a rainwater harvesting system was built io recharge the in-use 
boreweil. As the area lies on Deccan basaltic rock* drilling a recharge 
well would have been expensive. Thus, the decision to recharge the 
boreweil - 

Rainwater from the roof Is diverted to the boreweil through 
downtake pipes, which are joined to a single pipe. Before reaching the 
recharge well, water is filtered through an online AM 15 L K filter. The 
filter consists of sand, gravel and charcoal and pebbles. 

IMPACT 

The in-use boreweil has been successfully recharged. The water level 
has improved by nearly 10 m - from 30 m in 2002 to 20 m in 201 1. The 
ether defunct boreweil has also started Functioning now. 
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HOUSING SOCIETY 

BtMANAGAR COOPERATIVE HOUSING SOCIETY, 
AHMEDABAD, GUJARAT 




System derails 

Total rooftop area: 
16,635 sq m 
Dimensions oFthe welt: 

6 m dia F 10.7 m depth 
Cost: fts 1.6 lakh 
Year Implemented: 2002 

Designed by 

PRAVAH& Centre for 
Integrated Development, 
Ahmedahad 
Implemented by 
Bimonagar Cooperative 
Housing Society 


The liknanagar Cooperative Society {RCS| comprises of 54 tenement 
blocks willi a total nf 324 residential on Its. A rainwater harvesting 
system was put in place in 2002. when tho Ahmedabati Urban 
Development Authority I At IDA) made it compulsory for aU buildings of 
over 1,500 sq m 10 install these systems, 

W MY: DRY ROREWELLS 

The colony faced a water crisis due to dry bore wells and erratic water 
supply from the municipality. 

RECHARGE THROUGH PERCOLATION WELL 

Rainwater from Che building rooftop, mads and open ground is 
diverted to a percolation weil F which lias been constructed hi a low- 
lying area of tho park. The rainwater is altered through a bed of 
pebbles and sand has been laid on the periphery of the well for 
filtration of die rainwater before It enters the well. The well is 
construe: tod with honey-coin bed brickwork to facilitate movement of 
rainwater from well to the ground. 

IMPACT 

In this drought-prone area, the quantity and quality of groundwater 
has improved after recharge through a percolation well- 
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RESIDENTIAL 


RESIDENTIAL COLONY 

RAINBOW DRIVE COLONY, BENGALURU, KARNATAKA 


Rainbow Drive in Sarjapur Road, Bengaluru is one of the newly 
developed colonics on the city's outskirts. This colony lias thought 
beyond rainwater harvesting, Lis residents have optimised on the use 
of rainwater, through recharge, discounts on water hills and a water 
tariff system that accounts for costs of treatment, supply and sewage 
treatment, 

WHY: DECLINING GROUND WATER YIELDS 

The colony does rioi receive water supply from the Bangalore Water 
Supply and Sewerage Board iBWSSB) and depends on groundwater 
Water used lo be extracted from six bore wells located in thr colony, 
which had been sunk hi 2003 when the colony came up. 

As the number of houses in the colony increased - they are now 
more than 200 - groundwater yields declined drastically. The colony 
faced one nf its worst crises in 2007 when the Residents' Welfare 
Association realised that It was one step away from depending on 
water tankers h if the last horewidl dried up. This Farced sente of the 
office bearers of the Association io think about rainwater harvesting 
for long-term water security: they Initiated a colony -wide rainwater 
harvesting system using die stormwater drain network. 

RECHARGE WILLS IN STORMWATER DRAINS 

The residents moved fast, By end 20(18, the colony had 54 recharge 
wells installed in the society's stormwater drains and un private 
plots. 


System details 

Total area: 137,593 sq m 
[34 acres) 

Area of on paved surfaces 
(iS per cent of total area): 
20,639 sq m 
Number of houses: 240 
Recharge wells (20 in 
stormwater drains, 

5-1 in homes): 71 (3 ft dla, 
30 ft deep) 

Volume of wells: 

2.8-4 lakh lines 

Designed by 

Bio me Environmental 
Solutions Pvt Ltd, 
Bengaluru 

Implemented by 

Rainbow Drive Residents' 
Welfare Association 



.1 recharge 1 weli in a stormwater drain. Thr jetty stones destit the itaier 
iwjhre ii rritrrx the Wffll 
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Stormwater drain 
network was 
harnessed to 
initiate a 
rainwater 
harvesting system 
across the colony 


Tho system incorporates a detailed filtration process, As a first 
step, water passes through a silt trap made in the stormwater drain. 
This ensures that the sill settles down and leaves the water rm top fairly 
silt free. Soak a wap pipes are provided at Hie bulloin of Llie sill traps 
to nusnrc that water doesn't collect in the silt trap after the rains h 
thereby becoming a breeding ground for mosquitoes, 

The next feature is a leaf trap, whinh is a concrete grate that 
prevents leaves or plastic bags from entering the recharge well, then 
the water runs through a check dam consisting of a small brick 
masonry or concrete wail spanning the drain and preceded by a mound 
e>L 40 mm jelly stones that inclines 4 font (1.2 m} towards the welL The 
jelly stones remove more silt from the water before it enters the well. 
PVC pipes covered with nylon mesh at the intake points are built into 
tho chock dam wall, loading directly into the well. 

In the event of heavy rainfall a hole covered by a net bn mesh that 
exists mi top of the RCC slab covering the well, allows water to enter 
from the lop o[ the well, If tile water entering the well exceeds its 
capacity, there is an overflow pipe that allows the excess water back 
into the stormwater drain leading downstream. 

IMPACT 

I'he wells have a total volume of 2.16 lakh litres and hence can 
recharge multiples of 2, 16 lakh hues at the time of each rainfall. From 
a situation where only one of six borewells was yielding water, today 
water is pumped out from three borewells which have enough water 
even in summer months. 


Quality water from sewage 

In 2011 r the colony residents approved a plan to set up a new sewage 
treatment plant tSTP) based on soil biotech no I ogy H developed at Eli- 
Mumbai. This technology will provide river quality water for reuse as 
opposed to conventional methods which treat water for disposal. The 
colony intends to supply this water for non-potahle use to all 
residents as well as sell it for use in constructions to recover the cost 
of the STP, 


Innovative tariff to discourage wastage of water 


To enforce conservation, the residents of 
Rainbow Drive have introduced a tariff system 
that charges users for the true cost of water. 
Charges are based on cost of treatment, supply 
and sewage treatment. The si Abased tariff 
discourages wastage. Private bore wells have 
also been banned. An incentive Is also in place 
- residents with recharge systems get a 
discount of Rs 100 on their water hills. 


Table: Slab-based water tariff 


WATER CONSUMPTION LEVEL 

TAR Iff \Rs/k\) 

Fr st 10.000 litres 10-10 klf 

10 

Want 10,000 llres {10-20 WO 

15 

Next 10,000 litres {20-30 ktl 

25 

Next lG.Uft] litres {3040 kQ 

40 

Above 10 W 

60 


Source Rainbow Drive ResidentT Welfare Association 
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RESIDENTIAL COLONY 

DEFENCE COLONY, NEW DELHI 



Stormwater drains run on both sides of tdw mac f in C-Bfotk* Defence (.atony 


In Defence Colony, one of the oldest residential areas Ln south Uni hi, 
developed in the I 9 f> 0 s. rainwater harvesting has arrested 
groundwater declinc. 

WHY: GROUNDWATER LEVEL LOWERS IN SU MMER 

The colon v has been using groundwater to supplement municipal 
water supply, res tilling in lowering ot the water table, The water table 
especially goes down in the slimmer months. Ii is because of tills that 
the residents* welfare association Umk a decision in 2003 iu harvest 
rainwater, 

ROOFTOPS TO STORMWATER DRAINS TO RECHARGE WELLS 
Rainwater from the rooftops and the paved surfaces of the colony Is 
diverted to che stormwater drains that run on both sides of the two 
main lanes, Chakarvarly VTtbi and Chandan Vlthl that run through C- 
Block, Defence Colony. Nineteen recharge wells have been constructed 
in the main and back lanes of Chakarvarty Vlthl and Oh and an VLlkL 
The recharge wells are filled with boulders, pebbles and coarse sand 
so that filtered water enters the recharge bores plated 111 the wells. A 

bailie wall has been constructed in the 

Graph: Steady groundwater levels despite heavy use stormwater drain to slew down water flow 

and allow* sediments to settle - 


System details 

Total rooftop: 

26,087 sq m 
Dimension of recharge 
well:, 1.5 m *1 m x 2 m 
Dimension of recharge 
bore: 150 mm dia, 

17 m deep 
Cost in 2003 : 

Rs 2.5S lakh 

Designed by 

Centre fur Science and 
Environment, New Delhi 
\ in pleme nted by 
Defence Coto/iK C-Bloek r 
Residen ts 4 Welfare 
Association 



Note: m tigl- metres ground level 

Source ; Centre f Qi Science and Environment, Mf?** 


IMPACT 

Although there has been a steady use of 
groundwater by the colony residents, 
rainwater harvesting has enabled 
ground water levels to be maintained from 
20U4 through 201 1 [sec Graph: Steady 
groundwater levels}. Citizens say that 
previously defunct borewells or those with 
very low* yield of water have started yielding 
good am 0 uni of water, 
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Institutional 

Schools 


BISHOP COTTON SCHOOL 

SHIMLA, HIMACHAL PRADESH 



The stored water is 
used for laundry, 
flushing and 
gardening, thereby 
saving municipal 
supply for drinking 
and cooking 
purposes 


Bishop (Union, located within the municipal limits of the hill station of 
Shimla, is ono of the oldest hoarding schools in Asia. The school 
harvests rainwater for drinking during the rainy season. In other 
seasons, rainwater rovers the demand for flushing, laundry and the 
swimming pool. 

WHY: SHORTAGE OF WATER IN 5UMMER 

As this is a residential school with over iiOO students, its water demand 
is substantial: the daily requirement is about 80,000 litres. In recent 
years, in summer, there has been a huge shortage of water in the 
school campus. The municipal water supply is supplemented by 
groundwater pumped through 4 borewnlls. liach year the school 
authority had to increase the depth of the horewells, with groundwater 
having fallen to a depth of 97 metres below ground level On bgl). 

During the monsoons, municipal water becomes muddy and 
rainwater is used for drinking, after filtration, the school having 
installed a stale- of- the -art filter for the purpose. 
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Ruiirwnter harvesting filter Underground storage tank 


Table: Catchment areas in the school 


Name of die building 

Roof area {sq oft 

Capacity of the tank | litres | 

Main dormitory and dining hall 

301.50 

185.QOD 

Activity Centre 

237.00 

60,000 

Beta eve Building {Lewis Block) 

926.E0 

60,000 

Headmaster's Lodge 

400.00 

£50,000 

Total 

1,667.30 

555,000 


Source: tJ shop C c-rcn-n StficQl', Shlrmla 


System details 

Total rooftop area: 
1,867.30 sq rn 
Total storage capacity: 
555.000 litres 
Filtration drums; 

1.5 ft to 2 ft dia 
Filtration tanks: 

1.5 ft X 1.5 ft x 1.5 ft 
Fitter media layers: 
stone: 04-0,15 cmi grits: 
0.1-0,15 tm: chips: 0.15 
cm; sand: 0.15 cm 
Total cost (2000-2002}: 
Rs 16.65 lakh 

Designed and 
Implemented by Bishop 
Cotton School 


COLLECT CLEAN WATER 

The school uses the roofs ul Lite main si.houL building, the Activity 
Centre, the Kamove Building and the Headmasters Lodge to enilenl 
rain. For every roof area, a Fi hr alien tank has been designed to ensure 
that clean water enters the underground storage tanks, which have a 
tola! storage capacity of 555.000 litres (see Table: Catchment areas hi 
the school). 

Maintenance work is undertaken in May and October when the 
Idler materials are washed thoroughly. The tanks and the catchments 
are also cleaned during this Lime. The total expenditure on 
maintenance comes to Its 10,000 per year. 

IMPACT 

The stored water is used for laundry, Hushing and gardening, thereby 
saving municipal supply for drinking and cooking purposes. 
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S1SHYA 

CHENNAI, TAMIL NADU 





Al Slshya, rainwater harvest! ns has been used to rocharge 
groundwater In its fortieth year* this school is run by the Kit Thomas 
Educational Society, in Adyar, Chennai, 

WHY; RESIDENTS DEPEND ON GROUNDWATER 

]'he residents of the area depend heavily on groundwater for potable 
and non -potables purposes. Since the area is located on coastal 
alluvium soil which is porous and permeable, it has good potential of 
holding groundwater and therefore recharging the coastal aquifer was 
the best option. 

TWO RECHARGE PETS AND ONE RECHARGE WEU 

The school has a total area of 4.5 acres (1.8 hectares) and a rooftop 
area of 6,000 sq m. Rooftop rainwater is directed down through a 
dowmtake pipe and recharges the groundwater in the campus. There 
are two soak pits and one large recharge well. The pits are filled with 
filler media such as stones and brickbats (broken bricks). 

The water recharging structures are cleaned annually before the 
onset of the rains. ITie washed filter media is replaced. 

IMPACT 

The school authorities have noticed substantial Improvement in water 
level, harder, the school used to buy 24,000 litres at a cost of Rs 1 ,500 
per week. They have now stopped purchasing water* saving 
approximately Rs 60,000 annually. 

Although water quality has not been tested, school authorities say 
that salinity has decreased to a great extent Groundwater is now used 
m the washbasin^ for mouth rinsing. This was not possible before. 

There has also been a greal deal id' irnprovemenl in waterlogging, 
the most visible benefit of rainwater harvesting. 


System details 

Total fooftop area: 

6 F ooo sq m 

Dimension of the recharge 
pipe: zoo mm dia P 1.5 m 
deep 

Dimensions of recharge 
well: 2.5 m dia T 1.5. m deep 
Cost: Rs 65*000 
Year implemented: 2006 

Designed and 
implemented by 

Kit 7 homos Educational 
Society 
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KERALA PUBLIC SCHOOL 

MANGO, JAMSHEDPUR , JHARKHAND 


Mtm&btnni Rop, tf iu hrr in charge nf f ro €!ah f left! and Mjagarrt Karthii* principttl of the school 
in front of the open wolf which has boon recharged 


Kerala Public School is a three-time winner of the Centre fur Science 
and liUvironmenTs Gubar Timcs-Grttn Srhnnl Awards for \i$ efforts in 
rainwater harvesting'. The practice lias brought bark water in w 
defunct open writ in Ihe school premises. 


System details 

Total rooftop area: 

25D.S sq m 
Collection lank: 

i ft a i ft a 1 ft 
RlLrahon Lank: 

2.8 m X4.5 m x i m 
Sedimentation tank: 
z.S m X4.5 m k 1 m 
Cost: Rs 48,000 
Year implemented: 2005 

Designed by Environment 
Division, Tata Steel 
Implemented by Kerala 
Public School Mango 


WHY: WATER SCARCITY ACUTE WITH DEVELOPMENT 

I he Mango area is known for Its water scarcity. In rerun 1 years, is has 
become acute, with a spurt of residential development, and more 
bore wells being sunk to source water. Yet. as much of Jamshedpur sits 
mop hard rock and is unsuitable for groundwater recharge, most 
bo rowel Is go dry in Mango every 3-4 years. Municipal water supply is 
erratic., often supplied every 3-4 days and dial Luo fur a few hours. 

The school does not receive any municipal supply and has lo depend 
on groundwater fur ail its uses. The daily water demand of the school 
is ! 3,000 litres for drinking, flushing and gardening. 

CLEAN FILTERED RAINWATER RECHARGES WELL 

The school uses its rooftop measuring 25G sq m to collect rainwater 
which is diverted to two collection chambers and then to a 
sedimentation tank. After Oils, the water is led to a nitration tank filled 
with charcoal boulders and brickbats. The clean water earning out of 
this lank recharges the 1.1 m deep well. 

IMPACT 

Water levels have improved since 2U05, when water harvesting was 
initialed. The welt provides water for all non-polable uses ofibe school 
The yield nf the bore wells in neighbouring areas has also improved, 
says Mousuini Roy, who is in charge of the F.eo Club In the school. 
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JAMNABA! NAR5EE SCHOOL 

MUMBAI, MAHARASHTRA 



At himnabai JVarsee. a private: school run by the Narsee Munji 
Foundation in Juhu, Mumbai, the rain water harvesting system was sol 
up in 2005. During the rainy season, stored rainwater supplements 
municipal water supply and reduces dcpendance on tanker water. 

WHY: MUNICIPAL SUPPLY IS INADEQUATE 

The municipal supply is the primary source of water for ihe school, hui 
quite inadequate in context of demand, ihe school has to buy water 
supplied through lankcrs regularly. Nearly #{1,000 litres of water is 
used every day of which nearly 5U per cent {40,000 litres) is used for 
flushing. 

PAIN WATER STORED. OVERFLOVfl^ECHARGED 

Rainwater from the rooftop of one of iLs buildings is 11 here ri and stored 
in i wo underground sumps with a total capacity of 1 lakh litres. 
Uverfluw from the storage sumps is used to recharge the groundwater 
through a recharge well. 

IMPACT 

During the rainy season, stored rainwater is used for flushing. The 
school saves nearly iis 75,000 every year by reducing the total number 
of tankers. 


System details 
Average annual rainfall in 
Mumbai: 2,422.1 mm 
Total mof area: 

1,858.74 bq m 
RooF area catchment for 
rainwater harvesting; 
325-16 m (3*500 sq feet) 
Nq of storage tanks: 2 
Storage capacity: 
ioohDoq litres 
Recharge well: 6 Inch 
mm) dta bare, 20 
Feet (5.096 m) deep 
Cost: Rs 4 lakh 
Year implemented: 2006 

Designed by U M Pamnjpe, 
Jalvardhini Pmtjshthan 
Implemented by jomnobai 
Norsee School 



Month of tmderyrviuxd sump (foreground), fivo more ran be seen in the 
bnvkffromd 
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INSTITUTIONAL 


Government 

buildings 


JALBHAWAN 

JUNAGADH, GUJARAT 


fa! Bhawan in Junagadh is a government-owned building that 
houses offices sut;h as the Gujarat Water Supply and Sanitation Board, 
I Jar vested rainwater is used only for drinking purposes by the staff 
throughout the year. 


WHY? BAD QUALITY GROUNDWATER 

During the dry season, groundwater becomes unfit for drinking. The 
total dissolved sold (TDS) count Is on the higher side - between 1,000 
and 1.200 parts per million (ppm) The groundwater levels also go 
down. 

Till the rainwater harvesting system was erected, the drinking 
water needs of the Jal Bhawau stair were met by groundwater, with a 
BO or reverse osmosis plant installed to treat It. 


System details 
Total area: 1,064 sq m 
Storage system: 1 
Underground sump 
(volume): ioo.ooq litres 
Recharge system: 1 
Recharge well: 

3,5 mx 2.0 m x 3.0 m 
Recharge bore: 

165 mm dia, 200 m deep 
Cost: RS4.73 lakh 
Date implemented: 2005 

Designed and 
implemented by Gujarat 
Water Supply and 
Sanitation Board, 
junagadh 


fIRST FLUSH DIVERTED AND CLEAN WATER COLLECTED 

Kain water from the rsH)f of the building is diverted to an underground 
sump with a capacity ofl 00,000 litres. At first, the water is filtered in 
a tank containing sand and pebbles. The first flush of rain is diverted 
Into the stormwater drains and cleaner water is collected in the 
underground tank. 

Water from the sump is pumped overhead into a 500-litre lank and 
used for potable purposes. Chlorine tablets and bleaching powder are 
added to the stored water before consumption. Water is tested 
regularly and the rainwater quality is found to be well within 
permissible limits of all parameters (see Table: Water quality of the 
tank). The Lank is cleaned regularly. 

Rainwater from the roofs of the two inspection bungalows in the 
same compound as Jal Bhawan ± a store and garage, is also diverted to 
a recharge well. 

IMPACT 

This stored rainwater is used by 150 staff members throughout the 
year (270 working days) for drinking only 


Table: Water quality of the tank 

Parameters 

Permissible limit (mg/l) 

Test results (mg/1) 

pH 

6.5-85 

7.33 

Total dissolved solids CTDS> 

2,000 

500 

Total hardness (as CaCOJ 

GOO 

160 

Total alkalinity (as CaC0 3 ) 

600 

120 

Calcium (as Ca) 

200 

32 

Magnesium [as Mg) 

100 

19 

Chloride (as Cl) 

1 F 0O0 

160 

Sulphate as (SO „J 

400 

30 

Nitrate (as No^ 

45 

34.3 

Fluoride (as FI) 

1.5 

0.4 

Not4S; m^l: milligrams pet litre, CaCQ calcium carbonate; toted: January %Q\2 
Source: Unit Manage*, Coordination. Monitoring and Support Unrt, WAS&10, Juoayadh 
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RA5HTRAPAT1 BHAWAN 

NEW DELHI 

Rash trap ati R ha wan. EmhVs Presidential Estate, captures 100 per cent 
ol rain that falls witldii it. Rainwater harvesting was initiated in 199ft 
and today there are 25 structures to capture rainwater and recharge 
the aquifer. Tn 2010, Hashtrapati Rhawan received an ISO 14001:2004 
certification Tor its green initiatives. 

In November 109ft, the late K R Narayanan, the then President of 
India, invited Centre for Science and Environment (CSiil to suggest 
measures to harvest rainwater aL the Rashtrapati Bhavan. An advisory 
committee was set up by CSli, which developed a water harvesting 
plan. The scheme was implemented by the Central Public Works 
Department fCPWO) and Centra! Ground Water Roard ICGWB) in 
consultation with CSE. 

WHY: HIGH DAILY WATER DEMAND 

The Presidential Estate covers an area of 360 acres U ,456,86ft sq ml 
and there are about 7.000 people residing on Lhe estate, In addition, 
the estate receives approxbnalely 500 visitors every day. The daily 
water require mem Tor domestic uses and in the numerous gardens is 
approximately 2,000,000 litres per day. More than one-fourth of this 
demand was met by bore wells, which resulted in an alarming decline 
in groundwater levels. 

ALL RUN-OFF USED FOR RECHARGE 

The Centra] Public Works ftepartmenL began to implement rainwater 
harvesting in 199ft, based upon a design prepared by the Centre for 
Science and Environment. There was a rise in Lhe groundwater in a 
short, span of one year after the installation of the structure. After 



# First Phase -IMA 

■ Second Pha&e - 2009 
4 Tturd Pfoa-ee - Wll 
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Graph: Groundwater decline arrested 



Note; ffi bgl metres bt:lc^v ground lew 3 ! 

Sources Ccn-nal Public Wbrk*. Pepartmeni 

seeing the impact of their initial efforts, they worked over the next 
decade to built! more rainwater harvesting structures. 

* Phase 1 Eight recharge structures and uins underground 

sump nF 1 lakh litres. 

* Phase 2 I2GOT): Plight recharge structures 

* Phase 3 (2011): Nine recharge structures and one underground 
sump of 3 lakh litres. 

The estate also used all the dry dugwells in the premises for 
recharging. The TOO JJOO-Litre capacity swimming pool in the estate is 
connected to a dry dugwell so that during the periodic emptying nf the 
pool, water can be used for recharging his lead uf being drained away. 


System details 

Total catchment a*ea= 

1,4 56, 868 sq m 
Recharge well (open 
wells]: 3 

Underground sumps; 2 
(ioo K ooo litres each) 
Recharge wells: 22 

Designed and 
implemented by 

Centre for Science and 
Environment r Central 
Ground Water Board, and 
Central Puttie Works 
Deportment, New Delhi 


IMPACT 

The President's Lsiate monitors the water level regularly through a 
piezometer at different locations. Annual data recorded shows that 
From 2003 onwards, when the munf luring started, the Estate Isas 
managed 10 arrest groundwater decline. The pro -monsoon reading of 
groundwater level in June 2003 was 12 06 metres belnw ground level 
Ini bgll while the post- monsoon reading in September 2011 was 13.12 
m bgl [see Graph: Groundwater decline arrested ) . 

In the firsL year itself, there was a U7 cm net increase In the 
groundwater level Seeing this, more rainwater harvesting structures 
such as an injection well, recharge shaft and recharge trenches with 
bnrewislls and allied .structures were constructed. Another 
underground alurage lank of 1 lakh litre capacity was also built. 
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Hospitals I N D I AN S PIN AU N J U RY CENTRE 

VASANTKUNJ , NEW DELHI 



Ihe Indian Spinal Injury Centre ilSK.il is a premier supor-speciaJily 
hospital for advanced spine, orthopaedic ami neuro-m uscular 
problems. It is spread over 12 acres 1 4 R, 56 2 sq nil ul land in Vasant 
Kunj and the campus includes the hospital, staff residences, and other 
service areas. The hospital has managed to avoid buying waler and at 
the same time ensured a sustain a hie supply of ground water. 


Groundwater 
levels have been 
managed well. The 
hospital does not 
need to buy water 
from outside 


WHY; POTENTIAL FOR RECHARGE IS LIMITED 

The hospital is solely dependent on groundwater extracted from 4 
borewells. The area is underlain by quartzite rocks and the potential 
for natural recharge Is limited. Therefore, use of groundwater must be 
limited and judicious. 

The hospital faced a rapid decline of groundwater level in 2(102. 
when it went down to 32 metres below ground level lm bgl). It was at 
this time that the hospital went in Fur rainwater harvesting. 

MULTIPLE COLLECTION MEASURES 

Kaio water harvesting structures have beeu laid across the campus, 
both oil Lite hospital building and the staff quarters area. 

The rooftop rainwater and Lhe surface run-off from the western 
part of the hospital building are drained into a stormwater drain that 
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Graph: Steady water levels. no shortages 


System details 
Plot area: ii acres 
(48.562 sq m) 

Recharge wells: 3 
Hospital side recharge 
well: 2.75 m x 2.13 m x 
t.9z m 

Staff quarter side recharge 
well: 1.5 m dia, 2 m deep 
Recharge bare: 100 mm 
dia* 20 m deep 
Cost: Rs Bo h oao 
Year implemented: 2002 

Designed by Centre for 
Science and Environment 
Implemented by The 
Indian Spinal injury Centre 


Year 




2005 


2006 


2010 


2011 



Note: m bgl: metres below ground level 

Source; Cerilie lor Science and Environment, ^Jew Delhi 

runs along tin? west side of the build in g. Ibis water is then diverted into 
a recharge well located at the north-west comer of the campus near an 
existing bore well. A part of the rooftop rainwater Imm the nasi side of 
the hospital building and run-off from the paved area are diverted 
through a network of pipes and collection chambers to another 
stormwater drain that runs to the north nT the premises, r l his run-off Is 
also diverted to the same recharge well 1 orated near the bore well. 

This recharge well has two compartments, and the run-off 
undergoes two stages of filtration before it enters the recharge bore well 
Layers of brickbats {broken brinks l and sand ensure that liie water is 
cleaned of most debris before it percolates into the aquifer 

The rooftop rainwater and the surface run-off from the paved and 
unpaved areas of the staff quarters are collected in chambers, which 
are Interlinked by pip ess. This w r ater is then diverted to two oilier 
recharge welly. A part of tills water is diverted to recharge the east side 
of the staff quarters. The rest is harvested by converting a dry bn re well 
solo a recharge well near the entrance of the staJT quarters. 


IMPACT 

I'he construction of the rainwater harvesting system was completed in 
October 2UI12 and the water level when measured in February 2003 * 
was found to ho 32 m bgl. Thus, even though the number of visitors and 
patients have Increased, the hospital has been able to sustain the water 
levels {see Table: Steady water ter e is. no shortages). Even during lean 
periods iSIC does not face any water shortage. 
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GOVERNMENT HOSPITAL 

ANGAMALY, KOCHI , KERALA 



The govern men L hospital at Angara aly is located about 33 kill north of 
Ki>rhi. m the stale of Kerala. The town is now the hub of new 
development. The hospital receives about 250 patients every day and 
has 21 ) beds. There are 35 staH members. 

WHY: THERE IS HO MUNICIPAL SUPPLY 

The hospital does not receive any municipal water supply, the only 
source being groundwater, which is pumped through an open well. The 
well water is used for drinking purposes. Angtmialy in Fmakulani 
district is one of Lhe blocks categorised as 'critical' ill terms of 
groundwater development hy ihe Central Ground Water Board. Thai 
makes it douhEy necessary u> harvest rainwater. 

RAINWATER FOR POTABLE USE 

I he area of the rooftop is 1R5 sq in. The water from Ltie Hat, cemented 
roof is directed to the do wn take pipe through one outlet The PVC pipe 
carries the water to die filler and then to a 9O r 0OO litres ferro cement 
lank. The rainwater is used for non -potable purposes. 

IMPACT 

Groundwater decline has been arrested. 


System details 
Rooftop area: 185 sq m 
Volume of storage tank- 
90, 000 litres 
Cost- Rs 2.S7 lakh 
Year implemented: 2006 

Designed by 

Kerala 

Implemented by 

Community Health Centre, 
Government Hospital, 
Angamaly 
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Places of worship 


Harvested rainwater 
stored in a targe tank 
suffices For the 
drinking water needs 
of the staff 
throughout the year 


Designed by Centre for 
Science and Environment, 
New Delhi 

Implemented by Sri Rongji 
Mandir, Vrindavan 


SHRi RANGJf TEMPLE 

VRINDAVAN. MATHURA, UTTAR PRADESH 


At the Sri Ftangji Mandir in Vrindavan in Mathura district of Uttar 
Pradesh, constructed in 1S51, rainwater harvesting has greatly 
mitigated the problem of waterlogging 

Tn 2007, Lhe temple authorities approached Centre lor Science and 
Environment for assistance in implementing a rainwater harvesting 
system. 

WHY: GROUNDWATER DRYING UP 

Over-extraction of ground water in Vrindavan has resulted in rapid 
decline of groundwater levels and the water has become extremely 
saline. The temple complex sources its water front open wells. Water 
levels in these wells as well as that of the pushkarni (temple tank) have 
been steadily going down. The temple also gets waterlogged in the 
rainy season as it is at a lower level than the road. 

RECHARGE; FROM PAVED SURFACE TO STORMWATER DRAIN 

Stormwater drains run around the temple between the fourth and the 
fifth parikramas. A series of recharge wells were constructed along the 
stormwater drains. In addition, two more recharge wells were 
constructed at Lhe outermost corridor of the temple at the western end. 
As the resiliences of temple staff are situated in tlibi courtyard h water 
from lhe roof and paved courtyard Is channelled Into the stormwater 
drain, ultimately recharging ground water. 

IMPACT 

According to Sri Adilya Raghunath H Lhe temple head priest r there has 
been appreciable Improvement in curbing waterlogging. He adds that 
there has been improvement in the water level and quality as well. This 
experience has kindled interest in rainwater harvesting In oilier 
temples in the town. 
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ST MARY'S CHURCH 

KORAMBADAM, KOCHI, KERALA 



The ireli- maintained ferrocement storage tank 



St M ary ‘s Church serves Lhe community of Korambadam nut only when 
it comes to the son], hut also for more mundane but essential needs 
st] eh as water. Rainwater harvested from the roof of the church is 
made available in lhe people living in nearby areas for potable use 
through a network of pipes. 

The project was i tuple men Led by the Rotary Club of Cochin with 
technical assistance from Andhyodaya, a local non-governmental 
organisation. 


Wifh 130 rainy days, 
rainwater harvested 
is adequate for the 
water needs of the 
tocaSs for three 
months 


System details 

ftoof area: 550 sq m 
Capacity of tank; 

52 r ooo Sit r-es 
Pipes: 300 m 
Cost- Rs 1,05 lakh 
Year implemented: 2007 

Designed and executed by 

Andhyodaya. Kochi 

Implemented by Rotor/ 
Club of Cochin Lords 





WATER FOR THE LAITY 

lhe rooftop am a of St Mary's Church is 550 sq to Rainwater from the 
roof of t ho church is collected through a network of gutters. After tho 
diversion of first Hush, rain wafer is collected in a ferrocement tank 
after QJLrallou. The HUraliun Lank has sand and gravel as filler media. 

Apart from usage by Lhe Church, water is also used by 150 locals 
living nearby for drinking and 
conking purposes. The ground- 
water in LIils area is saline and 
people use the rainwater as long 
as it. lasts for drinking and 
cooking. 


IMPACT 

The Church has made a network 
of pipes with three community 
laps to provide access to the 
village people. As there are 
nearly 130 rainy days, rainwater 
is sufficient to meet water 
requirements of the locals for 
three mnnLhs 


U filer spout for eilftitfvrx 
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VEERANARAYANA TEMPLE 

GADAG 


I 'be ancient Veeranarayaiia Temple is one of five Vishnu temples in 
Karnataka. It was butJl in AD 1117 by Vishnu vardaiin H a Hoysala king. 

The quality and quantity of water in the well has improved after 
the tH-niplf: authorities wont in for ramwator harvesting on the advice 
ul a pilgrim in 20011. 

WHY: WATER LEVELS DECLINED AND BECAME SALINE 

Since Lhe the water level of the temple began to decline, even as 

the water started becoming saline. Water was so saline that it became 
unfit for use and temple authorities began to drill bure wells, t hey 
drilled four wells in the Iasi decade alone, as each would dry up in a 
very shori while. I ■nr all temple activities, naivedyti and abhishek, the 
leiupie switched to bnrcwcll water, in this area, annual average rainfall 
is a liule more than fiOO mm and rainy days are below HO, 

SIMPLE PERCOLATION TRENCH 

The temple authorities sought the help of govern moot engineers to 
design a rainwater harvesting system for them. The engineers devised 
a very simple percolation pit In trap rainwater and allow iL Ln perm late 
in hi rhe ground. The percolation pit is a trench with a volume of th 
cubic metre leu m). I he pit Is filled with filter media of sand and jelly 
up to 3 metres deep. I'he temple authorities then paved the grounds so 
that the run-off co-ufficiency was Increased. Arrangements were made 
to divert all the water to the pit. 


A defunct well is 
live again. The 
quality of water is 
also good 


impact 

l be temple pries l, Shri Ciopal Krishna Acharya says that water has 
come back in die open well and its quality has improved lo such an 
extent that it is possible to use it Lo cook tnor dal. Tills, says tTopaf 
Krishna, is the informal test for water quality. Today, the temple uses 
this open well water for temple rituals, abhisfrek, nairedpa and when 
distributing leerth to devotees. This same water was once unfit for use. 
t a opal Krishna says that from being fi dry well, water can now be found 
at a depth of 1.2- [ ,5 metres below ground level. 


System details 

Plot area: B36 sq m 
Dimensions of recharge 
pit: 12 IT x 6 ft x 6 ft 
Year implemented: zoo 5 

Designed by Horticultural 
Department, Gating 
Implemented by 
Veerauo ruyuntf Temple, 
Gating 



Open well of fhr ft-' nip it* 


HE CATCH MWfFIA WHf HE IT FAILS 


iMEE FACRF 


Miscellaneous 


SO MAR PAN N CONVENT 

MANGALORE, KERALA 




S infer Jeriililiae in front of the tinrlerr/rnuntl .sump 


The rainwater 
harvesting system 
was conceived by 
Sister Jerald Ene 
who had no 
technical 
expertise. About 
8,000 litres of 
stored rainwater is 
used for drinking, 
cooking and other 
domestic 
purposes daily 


Surtiarpann Genoralale is the administrative headquarters nf die 
lirsulim 1 I'rancisrim Sisters, a Gatholic congregation located in 
f >cr I akaite . V] angalo re . 

Rainwater harvesting was built into the planning of the convent at 
the construction stage with the aim of using stored rainwater directly 
as well as for recharging the groundwater. The planning of the entire 
system, including the fillers, was undertaken by Sister Teraldlne oft ho 
convent, who has no technical background. 


WHY; FAILING BOR EWELLS 

The Ueriakutte area is known for its dec lining ground water table, with 
borewells Failing regularly. The area is hilly and overlays hard laleritic 
rucks. Whan the building was being constructed, there wus difficulty 
in locating a groundwater source. At tills lime, Si.stnr Jeraldine 
11 Souza, the councillor general of the organisation, suggested that 
they incorporate a rooftop rainwater harvesting system it) the design 
of die building and tap the abundant rainlali or the coastal region. 

THREE-STAGE FILTRATION SYSTEM 

Sister Jeraldine, who had spent many years in north-east India, had 
witnessed first-hand how rainwater was used for various purposes in 
Mizoram, With the ample roof area of 63(1,32 sq m. and rains 
oi t wring at least six months a year, such a system was a natural stop 
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Filter lank# that provide cleaned water to the .sump 


System details 

Total rooftop area: 

650.12 sq m 
Volume of Lhe tank: 
75.000 litres 
Filtration tanks: 3 tanks 
(imximxum, each) 
Cost: Incorporated as part 
of construction 
Year implemented: 2006 

Designed and 
Implemented by S/ster 
Jeraldme. Somarparm 
Convent 


Lc 1 take. ft was decided that during the monsoon months, water for all 
uses would be sourced from the rainwater harvesting system, thereby 
saving groundwater. 

An underground RCC tank of 75,000 litres was built to store water, 
brought down from the rnnf through Several down take pipes at Die rear 
of the building. A filter system consisting of a Hesitation tank and two 
chambers, lllled with sand and ch.-ureal, was also constructed, The 
filtered water passes to the underground sump from where it is 
pumped to an overhead tank, 25.000 litre in capacity. 

The overflow from t he Lank is used to recharge Lite groundwater by 
using the area around a burewell as a recharge pit. This is filled with 
filtration media made of sand, chips and boulders. 

IMPACT 

Ai any given time, there are at least 20-25 persons living in Lhe 
convent. Stored rainwater is used Lor drinking, rooking and other 
domestic purposes (about 8,000 litres per dayi. This way, a total of 14 
lakh litres of groundwater is conserved every year. The garden is not 
watered during the monsoon months. In the dry period, the garden 
needs a lot of water and Lins water is pumped out r if Lhe bn re well nr an 
open well, recently constructed. 
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MA LAN KARA SOCIAL SERVICE SOCIETY 
THIRUVANANTHAPURAM, KERALA 




Ferraeemeai tank ofl.S lakh Hire rapacity 


Rainwater meets 
much of the water 
demand. It is used 
for non-potable 
purposes. Municipal 
water is used for 
drinking 


(tain water nrncts more Lhaiv half of the total water demand at the 
administrative office of Malankara Social Service Society (MSSS) 
located in Liu: municipal limits of 'nunivananlhapuraTn . The MSSS 
build inf; is also connected lo tile city supply. 

The MSSS is a non-profit organisation that undertakes a wide range 
or activities aimed at supporting and improving quality of life of the 
rural poor. It is the social work organ of the Major Archdiocese of 
Thiru van anthap ur am The Society promotes the implementation of 
rainwater harvesting in Kerala under tile lalanidhi programme. 

WHY: SHORTAGE OF MUNICIPAL WATER 

In 2004. the institution fared acute water shortage as tile municipal 
supply was insufficient and unreliable. Therefore, in the same year, 
MSSS constructed a system to harvest rainwater at its own b oil ding in 
2004. 


System details 
Roof area: 13^35 sq m 
Number of tanks: 
i {ferro' cement) 

Capacity of tank: 
l&o.oou litres 
Filter tank: 2,000 litres 
Filter materials: sand, 
charcoal, metal 
Cost of system in 2004: 
fts 1.5 lakh 

Designed and 
implemented by 

Maiartkora Social Service 
Society 


SEPARATE STORAGE 

Thr roof area of the building is 1,500 sq m and the collected water is 
diverted to a ferru-cemoTll tank of 1.5 lakh litre capacity The water 
passes through a HUer tank with sand -gravel and charcoal. The filter 
tank is cleaned twice a year. There are separate tanks lei store 
municipal water and rainwater, 

IMPACT 

The MSSS officials say that the rainwater harvesting system meets 
between 50-55 per com of their total water demand. 

The budding lias 30 regular stalT members. In addition, there are 
usually about 40-50 temporary visitors who come to attend various 
programmes conducted by the Society, The water stored in this 
rainwater tank lasts them fur almost four months. 

Hie rainwater is used for all non-potable purposes. It supplements 
Lhe municipal supply which is used for drinking purposes. 
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CENTRAL ARID ZONE RESEARCH (NST1TUTE 

JODHPUR, RAJASTHAN 


The Central Arid Zone Research Institute (CAZRI) undertakes basic and 
applied research towards development uf sustainable larruing systems 
in arid ecosystems. It has an experimental farm where medicinal herbs 
arc grown. 

WHY; PUNTS REQUIRE CLEAN WATER 

The plants require great care and water of high order of purity. 
Rainwater Is harvested to irrigate these plants. 


Rainwater irrigates 
sensitive medicinal 
plants at this 
research station 


CHANNELS OF RAINWATER 

The main office of CAZK1 harvests die rainwater that rally on ibe 
rooftop of the administrative block and the director's office. The water 
is stored in two tanks and used for irrigating 4 acres HfjJS? sq mi of 
land where medicinal plants are grown. 

Water that falls on the roof of the administrative block is diverted 
through four outlets and directed to dnwntake pipes. The water is led 
through underground pipes to four settling tanks, from where it flows 
into the main RCC tank, A solar operated pump of 3 HP is used to 
irrigate ihe plants. 

Water from the Rrst floor roof of the director's office is also 
harnessed and is brought down through seven outlets which flow into 
a RCC channel cons Lruc Led below, which is 217 in long and connects to 


ns — am ware mm ir faus 
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the tank. The channel is stone -lined and plastered with cement, There 
is a silt Lrap at Ihf mouth of the tank so that clean water can enter tile 
tank. Rainwater collected from the three outlets of the ground floor is 
also collected in the same channel. 


Table: System details 


Parameter 

Director s efftee 

Administrative block 

Total roof-top area 

1,500 sq m 

1 .700 sq m 

Volume of storage tank 

300,000 litres 

300,000 litres 

Settling tank 


0.5 m x 0.6 m x 0.3 m 

Cost 

Rs 1.88 lakh 

Rs 4.5 iakh 

1 Year implemented 

1992-93 

2005 

Source: Centre for Soeoce arid Environment, Mew Delfr 


Designed and 
implemented by The 

Central Arid Zone Research 
institute, Jodhpur 
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13 

Industrial and commercial 

Industry 

HERO MOTOCORP 

DHARUHERA, REWARI, HARYANA 



Systematic rainwater 
harvesting has 
maintained the 
groundwater level 
The level has risen 
by 3 m 


Hero MoioGorp, Dharuhera in the slate of Haryana has m ado a major 
effort to harness, In stages, more and more of the rooftops of its 
buildings for rainwater harvesting. At the same lime, si ha & taken 
measures to reduce its waier usage. I he factory uses only gro us id water 
- for the inaiitilai: luring process, canteen, gardening and personal uses 
by slaJT as well as for Lhe bachelors hoslel. It accesses groundwater 
through s\s tube wells 


IIS « CATCH iWlft iVHt HI ET FAILS >> 



Table: Rainwater harvesting, black by block 


Phase 

Buildings 

Recharge 

welt 

Date of 
completion 

Cost 

[Re Kakh) 

t 

Administrative tkiildsng 
Hew time office 

Environment, heaitft and safety building 
Canteen (part) 

i?&D centre (parO, dispatch & export 

6 

June 20D2 

6 

II 

Gears & shaft section, new aluminium phase 
Canteen (remaining part) 

Ft&D centre (remaining part) arid tool room, old building 

4 

Febr uary 2004 

3 

III 

Gufukul IA block] 

Bachelors hostel 16, C, 0 & E btocks) 

4 

March 2007 

6 

JY 

New expansion plant, road runoff from administrative 
block, road and exit gate (3} read 

3 injection 
wells 

February 2009 

■ 

35 

Source: Hero MOCOC-urp, Dharuhera 






System details 
Plot area: 58 acres 
(234,717 sq m) 

Rooftop area covered 
under RWH: 23,977 sq m 
Road area covered: 

5.7*5 sq m 

Dimensions of recharge 
wells: 3 mx 2 m x 3 m 
Dimensions of recharge 
bores: 203 mm dia, 40 m 
deep 

Cost: Rs 54 lakh 
Year implemented: 

2OD2-09 

Designed by Centre for 
Science and Environment, 
New Delhi (Phases Hit) 
Implemented by Safety & 
Environment Division of 
Hero MotoCorp, Dhanjhera 


WATER FROM ROOF AND ROAD RUN-OFF 

beginning in 2002 , when it constructed six recharge wells, the 
workshop today has 22 recharge wells capturing water from the 
rooftops of most of its buildings {excluding old buildings of ihe frame 
and engine plant and factory sheds). It has also begun to harvest road 
run-off. The work lias boon done in four phases {see Table: Rainwater 
harvesting, block by block). 

The factory diverts roof run-off through down take pipes to 
culler Lion chambers for seftiemem of silt and sediment. Thereafter, 
water is taken to recharge wells Filled with filter media so that like red 
water enters the recharge pipos. 

Wator harvested from roads that load eo the 4 No 3 " exit gate and 
tile administrative building is diverted through open drains to de- 
villing chamber and to injection wells filled with filter media. For road 
mn-off recharge wells filter media also includes an activated charcoal 
layer. 

Rainwater harvesting undertaken up to phase 111 cost Rs lft lakh, 
while phasic IV was worth Its 35 lakh. The total cost was Rs 54 lakh. 
The factory has made plans for Phase V. 

IMPACT 

The steady recharging of the aquifer using dean rainwater from 
rooftops has ensured that groundwater level has not only been 
maintained hut has actually risen by 3 ni - from 20 m in November 
2004 to 1 ft- 1 in in December 201 1 . 
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JOHN FOWLER (INDIA) PVT LTD 

BOMMASANDRA, BENGALURU 


John Fowl or (India) Pvt Lid is located in the Bommasandra Industrial 
Ansa, Bengaluru and was set up in 1966 to manufacture fillers and 
filtration systems for industrial applications. A rainwater harvesting 
sys lent was designed and Implemented by the Bengaluru-based 
Technology Informatics Design Endeavour (TIDE). 

WHY: DECLINING WATER LEVELS IN BORE WELLS 

The factory employs about 100 persons and has about 250 wording 
days in a year, h is situated on a plot 6 acres (24.281 sq ni) in area The 
factory has a total daily demand of approximately 7.301) litres, of which 
roughly hall is used for gardening, a major part of its total water needs. 
The company used to source all its water from five bore/iube wells. 
Over the years, the yield of the bore wells declined to less than 180 
litres per hour il.PHl. The factory started purchasing water for all its 
needs - from dniiking to gardening. 


Rainwater 
harvesting has 
ensured that 
groundwater levels 
are maintained, and 
the yield has also 
increased 


HARVESTING FOR STORAGE AND RECHARGE 

TIDE recommended water harvesting for both storage and recharge. 
Rainwater Is collected from three buildings - the workshop, canteen 
and administrative building. 

Rainwater from half the rooftop (1,500 sq m ] of Die workshop 
building is collected through gutters and diverted to three "Sintex’ 
tanks, each of 5.000 litres capacity. During the rainy season these tanks 
fill at least 50 times. 

Water from the remaining half of the roof of the workshop is led 
into the stormwater drain, filtered and led to a sump of capacity 25.000 
litres. This stored rainwater is used fur washing, flushing as well as 
gardening. 

Resides the roof, water from paved and unpaved areas Is 
recharged to the aquifer ch rough ftfi recharge (percolation) pits 
constructed wnthin the stormwater drains, four recharge wells and a 
recharge trench. There is a two-way flow between the storage and 
recharge structures. Excess water from the stormwater drain is led 
into tile filter unit and the filtered water is taken to the sump. Overflow 
from the sump is diverted to recharge wells. 



Underground stomge 


Orprymund xittruifF 
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Table: Groundwater count (2Q0 7-2011) 


Location of bore well 

Groundwater JoveJ jm bglf 

December 2004 

October 2007 

August 201 1 

NeAr security gate 

‘20.15 

1/.48 

iW 

Behind main building 

22.75 

19.77 

19.14 

Near old QHT 

22 .S 0 

21.30 

20.09 

Wear admin (east side} 

20.4!: 

16.90 

17 50 

Neaf admin twest side) 

- 

17.60 

16.85 " 

Mote: m hoi 'metres heh^v ground le-ve 

SQLirte; TfechnoroLiv Informatics Pu^igr: Endeavour. Bengalur . 



System details 
Plot area: 24,28 J sq m 
Roof area a f worksh □ p : 
3 F ooo sq m 

Storage system: 3 Smtex 
tanks ( 5,000 litres each, 
t sump of 7 5,000 litres] 
No of recharge pits: So 
Dimensions of pits Gin 
stormwater drain}: 1 m x 
0,5 m x 1 m 

No of recharge wells: 4 
Depth of recharge wells: 
42-124 m 
Daily demand: 

7,300 litres 

Cost: Rs 12 lakh 

Vear implemented: 2004 

Designed by Technology 
informatics Design 
Endeavour (TIDE), 
Bengaiur u 

Implemented by jahn 
Fowler flndia) Pvt Ltd 


Figure: The water harvesting plan of the company 



IMPACT 

Jfainvvatr'T harvesting lias enabled tile farton, i» maintain groundwater 
levels. Lhe primary source ni water. Walur i|iialily and water levels arr 
monitored regularly by TIDE I see Table: Groundwater count). 
According to thorn, one defunct boreweU has started yielding water at 
the rata nt 1,000 litres per hour (LPHl and another working bora well 
continues to yield water There was an improvement in the yield of ilii.s 
boreweU, from about 1 Ml- 3 .000 l.p||. 
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Shopping complex GARIAHAT MALL 

KQLKATA, WEST BENGAL 



At the Gariuhat mail, located in south Kolkata* rainwater coder ted 
from the rooftop areas is used Lo run the water moling plant find meets 
the requirement of the centralised air modi Honing system throughout 
the year. The mall is spread over an area of 9,300 sq nn with a rotif 
area of (>,200 sq m. 


Rainwater is used in 
the water cooling 
plant of the 
centralised air 
conditioning system 


System details 
Rooftop area of the mall: 
6,200 sq m 

Storage systems: n tanks 
(100,000 litres capacity) 
Project -cost: Rs 5 lakh 
Year implemented: 2006 

Designed by Ranjit Gupta, 
interdesign, Kolkata 
Implemented by Gariahat 
Mali Kotkola 


HUGE STORAGE CAPACITY 

The rooftop ramwmiT from the mall building is gathered in culiertiun 
chambers and passed through filtering media made up of pebbles, 
gravels and charcoal. After nitration, the water is directed to L L 
storage tanks, construe ted underground in a series along the walls of 
the mail. The total capacity of the tanks is 100.000 litres. This water is 
pumped to the top of the mall for ihr water cooling systems. Water fur 
all other uses is sourced from the municipal .supply. 


Figure: Rainwater harvesting plan 
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Hotels 


HOTEL CEDAR INN 

DARJEELING, WEST BENGAL 




At ih« Note I Cedar Inn loratnd on the upper reaches til' Darjeeling, a 
popular hill station in eastern India, stored rainwater is used in all 
guest rooms tor all non- potable uses. The rainwater harvesting system 
was lifted when the hotel was built in I yyy. 


Stored rainwater is 
used throughout the 
year, especially for 
flushing toilets 


System details 
Total rooftop ^rea; 

12 sq m 

Storage system; 4 tanks 

(100,000, SOvQtlG, 30,000 

and io ( oci 0 litres capacity 
tanks) (total capacity: 
7 . 02,000 lities) 

Year implemented: 1999 

Designed by 

Shasheesh Prasad, 
architect. Darjeeling 

Implemented by 

Hotel Cedar inn 


WHY: POTABLE WATER AT RS 7 LAKH ANNUALLY 

Rainwater is a ixi Li im 3 componenL of the water supply since tile hotel 
does not got municipal supply regularly, There is no groundwater 
suppJv. either. I he hotel buys 4,1 KJO litres every dav Tor drinking and 
rooking at Rs 2.0tM) per day. This amounts to more than Its 7 lakh spent 
on water, yearly, lor drinking and rooking, Without rainwater, the hotel 
would also have to buy water for fLs non- potable pur poses. 

WITH GO em RAINS, TANKS CAN BE FILLED TO CAPACITY 

Rainwater is roll noted Oil the rooftop of Lhe main building which is 
ahum 12,995 sq in and passes through gutters down Ln a scdiineiiLatinn 
lank, This water is lirsi stored temporarily in a rol lection Lank. 
Thereafter Lhe water is passed through a Therruax Culitgan filler tiliat 
Hliers out the suspended matter in rainwater) and stored Eri 4 high- 
rapiuiiy storage tanks, both underground (in Lhe base m out J as well as 
overground. The total storage capacity is about 2O2M0 litres. When it 
rains well, it takes just about three hours to nil the tanks to capacity. 

There are 99 days of rainfall in tho hills with the maximum between 
May and September. There is an appreciable amount of rainfall in 
oilier months of lhe year as well Stored rainwater Is available for use 
from July through December provided there is another sped of rain in 
Oetoher-Nov ember 

IMPACT 

Stored rainwater is pumped to overhead tanks and distributed to the 
hotel rooms for bathing and Hushing, Rainwater 15 used throughout the 
year, especially for flushing. 
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INDUSTRIAL AND COMMERCIAL 
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Other urban spaces 



KARGIL AND SUKA BIHAR SLUMS 

BHUBANESWAR, ODtSHA 

The Kargil slum in Bhubaneswar \$ located behind the Lingaraj railway 
station and is home to iishorfolk and hawkt^rs. Soika Bihar slum is 
located in Ihimdmnu area of the fi Ly. There is no municipal supply 
here. 

Many people would find it difficult to believe that water can be 
harvested in such urban spares. Yet. this ease study proves they can. 


WHYi HACK OF WATER 

The Ruchika Social Service Organisation (HSSO) runs balwadis 
(creches) in both settlements which used to bo closed down in summer 
because of water scarcity, in 2007 the RSSO built simple rain water 
harvesting systems in these places. 


Rainwater 
harvesting has 
ensured that the 
two balwadis stay 
open tn summer. 
The children drink 
this water 


DRINKING WATER 

The total rooftop urea of the K argil slum hahrudi is 37 sq m and that 
of Suku Bihar is 29 sq m The system is identical in both. Rainwater 
from the sloping galvanised iron (Gil roof is collected in the gutter and 
directed to a storage tank. At the collection point there is an iron 
hucket to strain away large i in purities. From the storage tank two 
pipes lead to the toilets and a Miration tank respectively. The filtered 
water is drunk by the children. 

In. the dry season, water to the toilets is completely closed off. All 
available water is used for drinking. The toilets got water from a 
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Drinking wafer tap Inshtr the bahvadi 



Iron bucket JUirr that stratus aumtf large impurities 


nearby p^^nci. 

The system is maintained by the nachers, The iron bucket is 
chained every munth, and die Idler lank every year, 

IMPACT 

The M.;0 has levied quality of the water and found il Jo be wilhfd 
permissible limits. 


System details 

Parameter 

Kargil baJwddi 

Suka Bihar baiwadr 

total rooftop aces 

3? sq m 

29,3 sq m 

Volume af storage tank 

3,000 %es 

1,300 litres x 2 tanks = 2,&QG litres 

Cost 

Rs 17,500 

Rs 12,000 

Year implemented 

2007 

2M5 

Source; Ruchiki Si .icifll Serves OgsmBsltari, Bhubarw&war 



Designed and 
implemented by Ruchika 
Social Service 
Organisation, 
Bhubaneswar 
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Sports complex 


The rainwater 
harvesting system 
was set up with 
financial 
assistance form 
the Local 
legislator's 'MLA 
funds' 


System details 
Total area: 11,620 sq m 
Recharge we 1 1 ^ : 3 
Dimensions: 

2 m X 2 m X, 2,3 m 

Details of the to charge 

bore: 200 mm did and 

.^0 m deep 

Cost: Rs s lakh 

Date of c.ofnpSetiDn: 2006 

Designed by Water Field 
Technologies, Mumbai 
implemented by 
Prabadhan Krida Bhavan, 
Goregaon 

Funded by Subash DesaL 
MLA 


PRAEODHAM KRiDA BHAWAN 

MU MB At, MAHARASHTRA 


Pntbodhan krida Bhavan iPKBJ was stiL up b\ Lhe LYabodban tiuregauii 
Trust Mumbai m 1991 for tile promotion of sports activities. The Trust 
Is a non-profit organisation that works for public welfare with a focus 
on health services. 

I he facilities offered by l J XB range From a yoga centre, gymnasium, 
jogger's park and swimming pool to arrangements lor athletics, 
gymnastics, table tennis and karate, it also houses a steam bath, 
sauna, Jacuzzi and a restaurant. 1 he Bbawan is located In Siddhamh 
Nagar in the Gorcgauu |\Vl area. 

WHY: LARGE WATER NEED 

Spread over an area of 1 1 .620 sq m. rkH receives over 1 .000 visitors 
daily. The complex sources its water from the municipal supply and 
also through bn re wells. Since h needs large quantities of water, a 
rainwater harvesting system was set up hi 2006, with funds from Ibe 
local legislator {MLA funds)- 

SURFACE RUN-OFF IS CAPTURED 

The rainwater harvesting system Lias been set up in the stadium 
complex. Surface run-off is directed to a drain which runs parallel to the 
periphery of the playground. This water is tapped at throe locations and 
diverted to throe recharge wells constructed near the II ag post on the 
eastern side, thr ozone swimming pool and the western corner fencing. 
These recharge wells are provided with duet? layers u! pebbles of varying 
size to filter out tree leaves and coarse sand particles. In addition, there 
are two recharge pits to take care of extra run- off from the ground. 

IMPACT 

According to the PKB authorities, groundwater levels and yields have 
increased- Tor the swimming pool. BkH used to source water from the 
municipal supply. Vow. it is filled with groundwater, sourced ih rough 
two borewHIs. This has resulted ill a .saving of Rs . r > lakh annually. 



HUh J,O0O vi&tturs u day, thr stadium 's icufer needs are targe 
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RACECOURSE 

RA}KOT t GUJARAT 




Reduced 

waterlogging and 
recharged 
groundwater - 
these have been 
the benefits of 
RWH 


System details 
Total volume of 10 
trenches: 10,000 litres 
Cost: Rs ? lakh Fn the year 
2001 

Designed and 
implemented by Rajkot 
Municipal Corporation 


The UacG Course area of Kajkot, ai ihe heart of the: city, is a IhvounLe 
recreational haunt for thr old and young alike. Il has weli- main tabled 
pardons, walkers" trails and Healing spaces along the inner boundary 
of 1 lie rare course. The area houses stadiums and sports grounds that 
regularly host cricket, hockey and football matches. The area is also 
the hub of commercial activity and some of the premier residential 
spaces of the city arc located in this area. 

A rainwater harvesting system was sot up here in 200fi at the 
initiative of the municipal commissioner. This was done in response to 
the concerns of citizens regarding waterlogging, which was brought to 
the notice of the Rajkot Municipal Corporation (HMC|. 

WHY; LOW-LYING WATERLOGGED AREA 

She area used to he severely waterlogged every monsoon even as 
groundwater levels kepi falling. The area is low-lying and located at 
the heart of the city. During the rainy season, run-off from the 
surrounding elevated areas collects in this space. In fact, the twin 
problem led to falling Sand prices. Since some of the most important 
offices and commercial areas are located lit this area commercial 
activities were affected during Lhe rainy season. 

TRENCHES CONVEY R At N WATER DOWNWARDS 

The RMC built 10 trenches around the periphery of the race course, 
which were Tilled with filter media. The trenches can convey rainwater 
quickly downwards. Into the ground, even during peak rainfall. 

IMPACT 

Not only has the problem of waterlogging been solved, but 
groundwater levels have also risen. Itie tube wells and boro wells in the 
offices never run dry even during peak summers. 
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Peri-urban area FAR M H 0 U S E 0 F V N SH RO F F 

INDORE, MADHYA PRADESH 



Recharge bo-re 


Rarmh(H4St 


Fump fo extract 
Eroundwxttr 


’q 


V N" Shroffs farmhouse is located in Badly a Kim a, a peri-urban area 
about. 8 km from Indore town, "["he rainwater harvesting system was set 
up in 2006- 


System details 
Distance from tubewell of 
3 recharge bores: 
is m, 20 m, 35 m 
Depth of 3 recharge 
bores: 35 m a 57 m> 20 m 
Diameter of recharge 
bore: 15 cm 
Length of casing pipe: 

? m 

Dimensions of gabion 
structures: 

1.5 ™ (length) ?( i r o m 
(depth) 

Dimensions of pond: 
3mx3Tnx2m 

Designed and 
implemented by 

vn Shroff 


WHY; STEADY DECLINE IN GROUNDWATER 

To source water, a Lube well had been installed in the farm in bill 
discharge front Die well doc lined steadily. As a result, rabi crop 
production dropped lo 25-30 per rent below normal. 

OPTIMUM RECHARGE 

In order to lap rainwater flowing through the stormwater drains. 
Shroff bad three recharge bores constructed between the lubewell and 
stormwater drain. The casing pipe of ibr recharge shafts has 
longuudinai slits and round holes (10 uim In diaim^er), The upper open 
portion of ihe pipe is wrapped with coir rope and surrounded by 
pebbles for protection and nitration. On the cap of the recharge bores, 
there are two air vents, each having a 8 mm pipe. 

Gabion structures have also been constructed along the stormwater 
drains. These structures bold water, filtering It in the process. As ihe 
water flows through the stormwater channels over the stepped gabion, 
it percolates vertically into the ground, as well as through the recharge 
bores bypassing the weathered strata (of hard basaltic rock) to reach 
the aquifer. Water is retained in the gabion structures along the 
stormwater drain and percolates slowly into the ground through the 
filters in the recharge shafts. 

Soon after the construction* the first pre-monsoon shower of 50 mm 
In May 2000 revived the water Oow in the tube well In order to 
ascertain whe ther Lite system was effective, Shroff added potassium 
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permanganate in each of the recharge bares- Light pink coloured water 
flowing through the tu bowel] confirmed that water was percolating 
through the recharge shafts into the tube well. 

Shroff also checked the quality of the water by monitoring the TPS 
levels. The dissolved salts showed an acceptable level of 350 parts per 
million (ppn*) + According to Indian standards, average tap water TDS 
count is expet: ted he 500 ppm. 



IMPACT 

By 2007 -OS the w r ater level had risen to such an extent, that there was 
enough water in the tuboweU throughout the year. As a result of 
rainwater harvesting, the yield of wheat from his farm has increased 
from 10 to 30-35 qidniala'hectare even though he has taken up organic 
farming. In the kharif season he irrigates vegetables, cotton and 
soyabean crops. He also provides potable water to 20 farm families 
living near by. 
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Urban water bodies 

Revival of lakes 

KAJIPUKUR AND 8AGHAJAT1N LAKE 

KOLKATA, WEST BENGAL 



hujifiukur iakt \ rirtirtrtJ urid restored 


Citizens have come 
together to protect, 
regenerate and 
maintain urban water 
bodies. It covers the 
entire gamut of 
action - physical 
cleaning, anti- 
pollution measures, 
catchment 
protections, legal 
pressure and 
institutional systems 
to maintain and 
sustain the lakes 


J'he Baghajatim nncE Kajipukur lakes in lhe BaghajaLiu area n[ m south 
Kolkalu have beet] revived through the efforts of local community 
groups, The Baghajatin i.ake Innayau-O-Tran Samlti. formed in I9&9 
and Kajipukur 1 In nay an Sami Li F formed in 2002 were instrumental in 
bringing Lhe locals logKher and reviving Lin- 1 lake. In fact, today, both 
organisations have over 000 members each, Lhe farmer having started 
with only ten members, Bunds were collected from the members and 
other citizens and with voluntary labour the lakes were deshted and 
clean ed. 

The BaghajaLiii lake, which is abuuL 19,000 sq in in area, serves 
nearly 250 people living in Sri Colony, Vidyasagar Colony and %, \ and 
I blocks of K&ghajfttiu area. The lake is 3 n r mod between A and I blin ks. 
Kajipukur lake serves A-block of BaghajuLm. 

WHY; ENCROACHED DUMPS 

There was a time when the Baghajatin area had numerous ponds used 
by people for fishing and domestic purposes. Over lhe years Lhe ponds 
were encroached upon and used as dumping grounds. Kajipukur 
started deteriuratirig in lhe 1970s when it had turned into a waste 
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iUiHfv r, TA [.Ei..: .ih i .■ I. :.t 


Implemented by 

Baghajatin Lake ttrmayun- 
Q-Trpn Samfti and 
Kajipukur Uanpyan Samiti 

Technical and institutional 
support by VGSimdharti 



Members of Bagftajtitln Lake Unnaytiii-O-lYtiit Sum if i 


dump mg ground. The land mafia had also tried to fill in the pond and 
convert il Tor real -estate development. 

CITIZENS PITCH IN TO CLEAN THEIR LAKE 

The Baghajatm Lake UnnayamO-Tran Snmili initiated work on the 
revival of the lake with cash and labour contributions- The pond was 
cleared of all solid waste and restored. The municipality helped direct 
wastewater into newly constructed sewer lines. Protective 
embankments wore constructed, and trees were planted around the 
pond to provide a buffer zone, Separate enclosures for washing clothes 
were built to prevent cun iamb] at inn of the pend with soap water 
The pond is maintained with care and regularly repaired with the 
active cooperation of members who also keep a regular watc h to 
ensure that lake water is not contaminated, lime is added to the pond 
water three to four tunes a year to disinfect, the water. This keeps the 
water free of any con cam [nation and the fish healthy. Residents are 
updated and sensitised to the importance of the pond through regular 
meetings and seminars, f he committee has recently demarcated the 
caiehmftiil uf ibe pond so that proper restoration can be planned 
A similar exercise was carried lo clean up the Kajipukur lake. The 
pend was d c si I ted of accumulated solid waste and its base 
strengthened. The K.LTS however, decided against building a concrete 
bund or embankment and. instead r deve loped a natural bund of grass 
and 150 trees, planted around Ihe pond. Separate enclosures for 
bathing and washing were built The mmuci polity helped KUS in build 
sewer drains to divert wastewater away from the pond and also lo 
build roads around the pond. The K1JS also undertook a door-tu-duor 
campaign asking people nut ten throw garbage into the pood. 

IMPACT 

Today, about 200-301] persons of this area use this pond for bathing, 
washing and for other domestic purposes. 
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ARKEESWARAR-SURI AMMAN TEMPLE TANK 

PAMMAL TAMIL NADU 



January 2012: Catchment area treated fur bn y term recharge with all trees fully grown 


This case study 
shows that it is 
possible to make 
ordinary citizens 
commit to protect 
their natural 
resources, chart 3 
proactive path, with 
no help from the 
government 


The temple tank of Suriamman KnSI and Arkeeswarar temples in 
Punctual. some 30 kins from Chennai, is at least tiOO years old and 
considered sacred, Till the 1970s it was the main drinking water sourer 
for the town. Historically, it had a catchment area spread over Ml acres 
(242.811 sq m) and rainwater used to accumulate ill the temple lank, 
Overflows from the tank spilled into the Tirupalhangal I ri and then 
into the Motmgil txi and finally into the Adyar creek. 

in the year ZfltXJ, Mangalam Balasubramanian, a P amnia! resident 
and President of Fxnora International, rtn environmental service NGO, 
derided to mobilise local residents to come together and clean up die 
tank, This rase study shows that it Is possible to make ordinary eiti/.ens 
commit to protect their natural resources, chart a proactive path, with 
no help from the government. 

WHY: INDUSTRY, POPULATION AND NEGLECT 

Over the years as I’ammal became industrialist^, more and more 
people came to settle here. The upkeep of the temple tank was 
neglected and the inlet drains leading to it were blocked. Rainwater, 
instead of flowing into the tank, would collect on the streets. The tank 
slowly deteriorated into a slushy, foul-smelling stagnant water body. It 
became .a dumping ground Fur garbage and residents let their sewage 
into the tank. The tank was completely silted and its depth was reduced 
to just about 4 font (1,2 mb 
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MANGALAtt SAiASUBHAMANlAN 


RENOVATION IN THREE MONTHS 

The task of cleaning up was challenging. Earthwork for desilting and 
cleaning the debris of the tank covering at] area of nearly 5 acres 
I20 ? ^34 sq ml had to be undertaken and then the lank bod had to he 
deepened. A dcmr-to-door campaign for raising funds was launched, 
Schools, Rotary Clubs and individuals raised more than Rs 13 lakh 
With active involvement of all citizens, the task was completed in a 
short span of about three months. 

After cleaning and desiltalion gates for inlet and outlet drains and 
a settlement lank with a natural Ultra Lion system was ronslnirted 
around the tank. I in ally the bund (or embankment! was strengthened 
and a wall was erected around Lhe tank. The renovated tank was 
inaugurated in December 2Ut)l. The following summer itself, after the 
rains, the water level in the tank had come up to 10 feet (3 m) 

The citizen's movement became more organised and came to he 
known as the Rsuora PammaJ Green, which is now responsible lor 
maintenance. The temple stall supports citizens in this effort Every 
summer, the Lank is desiited and lime coating is applied for 
disinfection. A walkway has been created around the lank and trees 
have been planted; around the walkway. Walkers pay Rs It) as a 
monthly membership which is used Ibr maintaining the area. 

IMPACT 

Groundwater in wells within a 5-7 km radius has improved. For 
instance, a nearby building, Sathsagh, had a dugwnll with no water 
Today, the well has plenty of water and people are able to access it by 
using a rope and bucket. 



Before 2001 - puflnted* degraded 


System details 
Area oF tank: 5 acres 
(20,234 m} 

Dimensions of die 
settlement tank: 

200 ft X 300 ft X 10 ft 
Cost: Rs 13,3 lakh 
Year implemented: zoos 

Designed and 
Implemented by Exnorn 
Green, Pammal 

December 2001 - tlennnf find protected tank 



*■* CA$f JTUCIES - 133 



URBAN WATER BODIES 


Revival of 
traditional 
step -wet l 


NIZAMUDDtN BAOLI 

NEW DELHI 

Cleaning and revival of the 70t}-ynar i>ld baoli (step- weill das been 
undertaken as a cooperative effort of several public and nuD-piofit 
Institutions with state-of-the-art l ethnologies. 

S he Nizamuddin baoli was built about eight centuries ago ( 1321 221 
and served as the water source for the Nizamuddin dargah, the 
mausoleum and shrine of the Sufi saint, 1 1 jurat Nizaniuddin Auhya. 
Lucated near the northern gate of the enclosure, the bauli is fed by 
underground springs and is a protected monument under the 
Archaeological Survey of India, It is said that the saint used a passage 
to access the, baoli from the mosque within the durifah complex, 


Several non-profits 
and public bodies 
came together to 
clean the baoli 


WHY; TILLED WITH SEWAGE 

Despite being a protected monument the area around the baoli has 
been encroached upon and constructions have come up oven on ilia 
walls surrounding it- The sewage Iron) these settlements polluted the 
watetTi of Lhe baoli. Water from the umzu area I meant Tor ablutions, 
washing before prayers I of the mosque would also drain into the taofi. 

In duly UOng, portions on Lite walls of the fmofi collapsed, putting the 
constructions over the walls In danger, A conservation project covering 
the entire area was initiated by a number ol government anti non- 
governmental bodies and rejuvenation of the baoli was taken up as 
part of Lius project. 

The Archaeological Survey ot India (ASIh the {.cntral Public Works 
Department (CPWD), the Municipal Corporation of Delhi IMCDI have 
been working In conjurtion with the Aga Khan Trust for Culture I Ak EU 
and Aga Khan Foundation towards the restoration. 

Extensive sc iwi title analysis was conducted aimed at rebuilding and 
rejuvenating the baoli- S Late -of’ the -art technologies such as Ground 
Penetrating Radar Survey (GPRS). high deiinitioii 3D laser scans and 
other goo- technical and structural assessments were used, 



t he baoli It'd# taken up for naUoration in 2008 
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Bf'tiUtinij operation tttulrnt'ay 


WASTEWATER SEGREGATED 

The first task was Lu dean rust the tariff completely. The dirty water 
was drained out and tile buoli desilted to its original depth 80 lent 124 
ml below the ground level. Analysis of the water quality showed very 
high levels of E. roil indicating the entry of sewage into the haoii The 
manna! desiitiiig of ihn haoii to dear hundreds of years of accumulated 
debris and sludge was a mammoth task involving nearJv 8,000 man- 
days of work. As part of the project, housing on lop of the wad had to 
ho demolished arid alternate accommodation given to the families. New 
sewer pipes were laid Lo divert sewage away from the bauti and a new 
System was constructed Lo keep water from the wtizti area from 
entering the haoii. 

IMPACT 

Water quality was tested once again after reconstruction work 
recording a dramatic drop in H. roft levels. The challenge is Lu prevent 
the baoU slipping hark into a sewage and waste dump. To prevent such 
a situation the AKTC has been conducting awareness and education 
campaigns for people residing in the area. It remains to be seen if iho 
baolt remains clean, and keeps providing clean water. 
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Traditional water harvesting 

Residential 


RESIDENCE OF ASHUTOSH BHATT 

DHOBINi POL, AHMEDABAD, GUJARAT 

The kam'li of Aslmiosh Bhau boasts of a m&gmficlent 200-ycar old 
tanka (underground water tank), f is storage capacity is about 302. 83 3 
litres (SUplXHJ nations), liven nmv. the Rhati Prti n i L v stores harvested 
rainwater in this traditional tanka and use* Lite water for drinking and 
conking. 


Rainwater can be 
supplied throughout 
the year, especially 
for flushing toilets 



WHY: WATER CRISIS ENCOURAGES 
REVIVAL 

In recent years, with the increasing 
demand for water, the Ahmodaburi 
Municipal Corporation and the 
citizens have turned Lu traditional 
wisdom. Tiie tankas, part of almost 
every household in the city's pois 
(the walled dty). can .supply entire 
families with clean drinking water 
throughout (tie year. 

Thr eniranev shift t{t ^ 
limfp rfjrmintl funk 



f fte underground $ump far storage of rainwater 
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ASb-jrO'.K EH AFT 
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CflipiSfrr 
downrakfl pipa 


Krtchen 


Entrance 
Shari to tank 


In pre-independence days these tnniros were sealed by tile British 
ui prevent freedom fighters from using these as hiding places - Over the 
years, as municipal water supply gained ground, people lost interest in 
these rainwater harvesting systems. 

tthen the tankas were opened for rejuvenation by the heritage ceil 
[>f Corporation, alter a gap of nearly fifty years, they found the 
water to be fresh and of high quality. 


System details 
Volume o* underground 
tank: 302,833 litres 
(80,000 gallons) 

Height of tank: 8 m 
Length 8 width or Lank: 
4,6 m 

Designed by ancestors of 
Ashutash Bhatt 
Maintained by family of 
Ashutosh Bhatt 


IN GOOD CONDITION 

I hl: tanka in the liJiat household ran he reached through a small 
pyramid-like s true lure in the kitchen, which is 1 m in diameter, just 
wide enough to allow one person to descend through the opening. A 
1 light ul' stairs leads into the tank, ft is periodically accessed for 
cleaning and maintenance purposes. 

Rainwater falling on the terrace is channelled Into a copper pipe 
which branches into two nutlets, one Lakes the water into the 
underground sump and the other to the waste drain, t he first flush of 
rainwater is allowed to escape as stormwater. After the cap of the 
down take pipe leading to the drain is dosed, water flows into the Lank. 

Before the water enters tile tanka . it is filtered through layers of 
charcoal, lime and pebbles. 

] be lank is free of algae and microbes since the interior of the lank 
is perpetually dark and the lack of light stops their growth. The lime 
piaster on the surface of tile underground lank also ensures that they 
do not grow. 
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TRADITIONAL WATER HARVESTING SYSTEMS 



Down the generations, 
grandmother and granddaughter 
drawing waterfront the tanka 



Rainwater pipe from the second 
flour of 1 hr house leading to the 
Inn ku 



Crystal clear water in the bucket 
drtttrn front the tanku 


RESIDENCE OF AMARISH BHAI VAISNAV 

JUNAGADH, GUJARAT 

Amarish Hhai Valsnav has a famih nf five. Ihe elderly Vaisnavs 
arc happy to live in their ancestral property, In-rated in the o3lW 
parts of Junagadh. Their son has hr mg hi a Flat in a mortem 
housing MH'][ b Ly, bul are stilt noE ready in s hi Cl ihere duo lo ihf L 
water Exists they may have lo fare. "The new modern llaEs hi 
Junagadh do not get drinking water for weeks at a stretch. In 
our old house wo are at. least sure nf good quality drinking w-n trr 
from our tanka f says Lhe eldest member - hi’ Lho huuso. 

Their underground tanka can cater to all pel-able water 
requirements upto two years, even if there is no rain. Ei has a 
rapacity nf 60,000 litres. 

HOW; FIRST FLUSH AN 0 THEN FILTER 

Traditional roofwater harvesting built with simple systems uF 
first Hush and filters are ev^n today being used by people In 
Junagadh, Gujarat. Disinfection is done by adding lime E rhfffl a l 
and used lor alJ putable requirements. 

IMPACT 

The tanka serves this house well. On an average, eight buckets 
of water uF 5 litres capacity are taken out everyday (hr pniahle 
purposes. 


Designed by ancestors of 
Amarish Bhai Vdisnav 
Maintained by family of 
Amarish Bhai Vaisnav 



lirst flush; The left outlet is plugged with doth during the Initial 
ruins. The first flush of rainwater flows into the other outlet which 
leads in t e a stormwater drain outside the house. Water is Inter 
diverted into the tanka 
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Traditional 
Indian fort 


MEHRANGARH FORT 

JODHPUR, RAJASTHAN 




Maintained by the 

Mehmngarh Museum 

Trust 


Built in the 18th century by the Rathore Rajput kings, the harvested 
water was used by the residents of Lhc fort Tor drinking and cooking. 

Jodhpur city in Rtyastban fails in the desert region of the country. 
The average annual rainfall is 325,5 nun and there are only 19 rainy 
days Rainwater harvesting has been practised in this city from time 
immemorial, Traditionally. Jodhpur used every means u> use rainwater 
and there wore a variety of water harvesting systems - talahs. 

baolis, kunds. 

The rulers of Jodhpur harvested rainwater on different catchments 
within the Mehrangarb fort and underground tanks stored the 
harvested rainwater, liven today, two such systems, the fiaulat Khan a 
tanka and the Janani liyori ka tanka, constructed in tile 18th century, 
provide drinking water among other uses. The rainwater from the roof 
and paved surfaces of die fort is filtered through pebbles and is then 
stored In these two tanks, 

The Daulat Kh&iia tanka has a rapacity of 2.5 lakh litres and stores 
water harvested from the roof area and tile Janani Dynri ka tanka has 
a capacity of 4,7 lakh litres and stores water from the paved surfaces, 
The water in this lanka is of very' high quality and is used lor drinking 
by the resident's of the fort, 
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TRADITIONAL WATER HARVESTING SYSTEMS 


Pre- Independence, 
British built 


RASTRAPATI NIVAS 

SHIMLA, HIMACHAL PRADESH 



The Raslrapati Nivas, formerly the iherryul hmisFS the Indian Institute of Adrnnrrd Study 


Rainwater harvesting 
saves municipal 
supply. The stored 
rainwater is used for 
the extensive 
gardens 


System details 
Tola! rooftop area: 

2.49 5 sq m 

Storage systems (total 
capacity of 176,600 litres): 
5 tanks 

Year implemented: ilKJS 

Designed by 

Henry Irwin, architect 
Maintained by Centro! 
Pubik Works Department 


The Indian Institute of Advanced Study fllAS) in Shimla is housed in the 
the Itastrapati \ivas. a heritage property and landmark of the town. 
Formerly known as tile Viceregal Lodge, it was designed by British 
architect Henry Irwin and constructed in 1888. The building was 
designed with a rainwater harvesting system and the tanks are still in 
good condition and used even now. 

TIME-TESTED SYSTEM 

The budding has a rooftop area of 2,498 sq lit Rainwater is harvested 
from tho rooftop and stored in a series of five cylindrical underground 
tanks linked in each other so that overflow of one passes intn the nest. 

The roof of the lodge is sloped and tiled. Water from across Die vast 
roof, the various cupolas, the different levels, is collected at a central 
pom* on the roof and passed through silt traps placed there. Then the 
water is diverted towards the downtake pipe. From here the water 
directly passes into the storage tanks. 

Each tank is covered with a double- layered Lid. The lower lid is 
slotted to act as another layer of filter to arrest silt from the surface 
run -off. The upper lid completely covers the tank opening. 

According to the Central Public Works Departure eu (CPWD) 
engineer responsible for the upkeep of the bunding, die roof is cleaned 
before the monsoon and Die tanks monitored closely. Any leakage or 
other maintenance problems are addressed before the rains. 

IMPACT 

The stored rainwater is used throughout the year for gardening. As the 
property has large gardens, substantial amounts of water are needed 
for their upkeep. The rainwater harvesting structure thus, saves on 
water from the municipal supply- 
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ROOFTOP WATER HARVESTING 

AIZAWL, MIZORAM 



Aiz * wl receivf, s very high rainfall (2,049.7 nun) both from the south- 
*ve.st. and mirth- east ruin tall, livery other house of this hill town in 
Nonh-H'Jist India lias small but effective rainwater harvesting systems. 

WHY: LITTLE RECHARGE. RAPID RUN-OFF 

Because of the hilly terrain, there is rapid rgn-off and very little 
recharge. Villages are usually on the hilltops and water is available at 
the bottom of the valleys. People have to walk long distances to the 
rivers or springs in the valley to collect water. 


A rainwater 
harvesting 
culture that 
began way before 
Independence is 
giving way to a 
culture of piped 
water supply 
actively promoted 
by the 
government 


A RAINWATER CULTURE 

I lie British were the first to build rain water harvesting systems in the 
town, Water harvesting became the norm and almost every house had 
a gutter to capture arid direct rainwater to a small storage tank placed 
uiidci the roof. This water was used lor all purposes. As rainwater was 
available for most of the year, oven small storage tanks were sufficient 
in provide water for all uses. Rvon today, common pimple use this 
system to meet their walcr needs. 

NOW. A PIPED WATER CULTURE 

llie government is replacing this simple, decentralised system wills 
expensive piped water supply. A large lank that was made by the 
British to store rainwater for the public is being used today to store 
piped water from the river. 
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TRADITIONAL WATER HARVESTING SYSTEMS 


ANNEXURE l 

Information that you will need 


i CATCHMENT RELATED INFORMATION 


1,1 Rurvoff coefficient for different types of catchment 


Catchment 

Type of material 

Run-off coefficient 

| Roof 

Ties 

0£0,9 

Metal 

07-0-9 

Paved area Dweway/courlyanL roads 

Co nettle 

0.60-8 

Brick 

0.54X6 

Unpaged area garden, playground 

10% sand 

0.0-0.3 

Hard compact 

0.2-G.5 

Lawns 

1 oj 


Source: Paoey, Arnold and C uflis 1 9fi4. ftamwatfer barrerrmg, the tvifeCtiOn of mrifell and run-off 
j'n rural India, Intermediate Technology Publications 


1.2 Run-o# coefficient for cfifferent roof types m Indie 


Roof type 

Run-off cwffldtnt 

GB^awsed won sheet 

0.9 

Asbestos sheet 

os 

Tiled roof 

0.75 

Concrete r'OOf 

0.7 


Source: Manuel on tonsvuCUon fled maintenance o f household -based rOCiFic* water harvesting 
systems, report prepared by Action for Food Production fm UhPlCEF 


2 RAINFALL RELATED INFORMATION 


2.1: Rainfall, rainy days and maximum rainfall intensity in different cities of India 


Name of city 

Annual average 
rainfall imm| 

Rainy day* 

0ased on average 
of yean 

Maximum rainfall 
intansity jmm/lMUr| 

Based an 
yeir* 

Ahmedatr&d 

740,6 

33.3 

1971-2000 

90 

1969-2003 

Aizawl 

?,?4i-7 

117.1 

1951-1930 



Allahabad 

10] 77 

4fi.fi 

1951 1980 



Amritsar 

€81.2 

35.fi 

1951-1980 

99 

1969-2004 

Aurangabad' 

813.5 

46.4 

1981-2006 

78 

1969-2005 

Benfial^u 

974.5 

53.4 

1971-2D00 

72 

1969-2004 

— 

Bhopal 

S 146.7 

51.4 

l951-t$B0 

90 

1970-2004 

Bhubaneswar 

1542.2 

73 

1951-19B0 

120 

E 969-2006 

Chandigarh 

1069.3 

49.3 

1951-1980 



Chennai 

1266.9 

57.1 

1951 1980 

fi7 

1969-2005 

Chwraminji 

11619-4 

156 

1971-2000 



Coimbatore 

631 

42.7 

19511930 

76 

1969*2005 

Danwhng' 

2323.2 

93.9 

1979-2005 



Dehradun 

2316.4 

34.6 

1951-1960 

101 

1969OT5 

Gangtc* 

3736.fi 

167.6 

1971-200C 




Ccntmued... 
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2.1 ...continiJHl 


Mams of eft y 

Annual average 
rainfall jmiri? 

I 

Rainy dsys 

Baaed om average 
of years 

Maximum rainfall 
fnten*lty (mnv'Tiourl 

Baaed on 
years 

Gm 

2932 

100.1 

1951 19S0 

130 

1969-2006 


17414 

91.3 

1971-2000 

85 

J 969-2006 

Gwafc* 

899 

42.6 

1951-1980 




Hyderabad 

83Z-5 

51 

1951-1980 

100 

1969-2003 

kidhre 

1008.3 

48 

1951] 980 



Jaipur 

673.9 

36.8 

1951 S9S0 

70 

3969-2005 

Jamsfietfpw 

1508.5 

77.5 

1951-1980 



-Indhpur’ 

325.5 

18.6 

1 980 2006 

S3 

1971-2005 

Kanpur" 

804 

39.7 

1960-2005 



Kochi 

3223.3 

131.9 

1 951-1 9SD 



Kolkuta 

164], 4 

B2.Z 

195 1-198C! 



Luirhnow 

1021.5 

47.1 

1951-1 980 

73 

1960-2005 

Ludhiana 

752.3 

36.7 

1951-1980 



Madurai 

837.9 

45.2 

1961 1980 



M^aiore 

3620.6 

112.1 

1971 2000 

93 

1 9692004 

Mi*nt>ai 

2422.1 

80.6 

19514980 

113 

1969 l 2CK]4 

My&ore 

S3 7.8 

58.4 

1971-2000 



Mussaone" 

1933.9 

86.2 

1981-1992 



Nagpi# 

1146.7 

51 4 

1951-1980 

79 

1969-2005 

New Delhi 

797.3 

39.1 

1951-1980 

112 

1969-2005 

Patna 

1003.4 

48.6 

19514980 



Fort EMair 

2917.5 

130.8 

19511980 

122 

1969-2003 

FwJuCherry 

1263.5 

53.1 

1951-1980 



Pune 

721.7 

49.9 

1951-1980 

€6 

1969-2004 

Pur*’ 

1521.9 

63.5 

1981-2006 



Raipur 

I2SR.3 

62.3 

195M9SD 



Rajkot 

576.0 

28.3 

19 71-20 DP 

116 

1969-2003 

fiannh 

1462.8 

79.2 

1971-2000 



ohillnne 

2167.4 

S 12.7 

! 97 1-2080 



SNmte 

1424.fi 

84.8 

1951 1980 



Srinagar 

703.6 

55.6 

1971-2000 

— [ 

40 

1970 -2GD6 

Ttiiruvananthapurasn 

1827.7 

99./ 

1951-1980 

7? 

1969-2D03 

l.-ldarpur 

651.7 

34.9 

19514980 



Var &f*asi 

1025.4 

48.1 

19514980 

IDO 

197D-2Q05 

ViSNak-apabram 

96S.& 

52 

19 51-1980 




! il L]j:/>Wvvw imd.qo^ i iV set hon/di mate/. ai viewed -n March 201/ 

Note*; * Indian Metecrolryjical C^aitment. Punt 

For m.flfall mtensitjes : h R D^shoantfe. A Kulkam, and K Krstina Kumar Jail. ■Charartwistic fee'UiH of houriy rainfall ,n India' 
Juumat at OimafQtogy 
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ANNEXURES 



3. HYDRO-GEOLOGICAL INFORMATION 


3.1: related information 

3.1.1: Infiltration rate for different types of soils 


5ml type 

Infiftratiwi rate(mm/hcrtar] 

Highly clayey soils 

Below 2.& 

fallow soils, clay safe. soils lo* in organic matter 

25 - 12,5 

i^yjy loams, silt loams 

12.5 ■ 25.0 

Deep sa&ds, well aggregated soils 

fleove 25 


Source: Anon 2GG7, 'Manual on artificial recharged ground water' , Central Ground Water 
Board. New Delhi 


3,1.2: Permeability of sotfs 


Type of still 

PwmMbHUy |cm/h«ir] 

Sand 

5 

Sandy loam 

2.5 

Loam 

1.3 

Clay loam 

o.a 

Silty day 

0.25 

Oay 

0,05 


Source: Training manual on s atK Chapter 3, Pemeability o i sotfe, Food artd Agriculture 
Organisation', ftp J/ftp . f ao_ org/f i/C D rnm/EAG. Tra i n i n gf AO_Tr aim raV Genera LfoGT OGe/rt*? 06 e [H? . 
htm, as viewed in March 2012 


3.1.3: Porosity of soils 


Smk 

Porosity 

Gravel 

25 - 40% 

Send 

25- 50% 

Clay 

40 - 70% 


Source: freeze and Cheriy 1979, 

http jfofww . p ota m a cr ver.org/ZQ 1 2/tfrink i r*g wj te rd ocJwv_wk ip_p C_Hyrj ro I ogy_Pi ft 2 pdf 

us viewed in March 2012 

3.1.4: Size classes of soils 


" 1 

Sol 

cm 

Fine gravel 

0.20.6 

Medium graved 

0.fr2.0 

Coarse gravel 

2-6 

Stones 6-20 

2-6 

Enulders 

2060 

Large botiWers 

603QD 


SouTte^ Ar;on zooo, Guidelines fors&t tJescnpHor i tod and Agriculture Organisation of the 
United Natans, Fourth edition. 

ftp tfftp rdo crfg/agt/aqll^loc^gyidel.sod.deKr pdf, as wewed in March 20 s 2 
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3.1.5: Soil types of India and their suitability for recharge 


Type of soil 

Where feund 

Key properties 

Suitability for 
groundwater 
recharge 

£ted soil 

Andhra Pradesh, Assam, Bihar, Coa, 
Parts nf Kerala, Maharestra, Karnataka, 
Tamil Nadu and West Bengal 

Red in €0k\iM. Light texture and p<yous 

Suitable 

Later ite soil 

Summits of hills of Deccan Karnataka, Karata, 
Madhya Pradesh, Ghat regions of Odisiia. 
Ahdte'a Pradesh.. Maharastra. West Baikal, 
Tamil Nadu and Assam 

tight texture and porous 
in colour 

Suitable 

AJjlJWrjl iO|| 

Indo-Gangetic pfams, Brahmaputra vaiiey and 
almost all states of North and South 

Sandy foam to Clay loam with loose 
•structure. Jjght grey colour to dark coteur 

Very good 

Slack soi 

Mafia raslra, Maefiya Fractesh, Guiarat 
■and Tarnil Nadu 

p-jor free Dark grey to black 

colour wrth fngft clay Content. 

Not suitable 

Desert soils 

Haryana. Punjab. Rajasthan 

iiandy to loarny hne sand Wifi brown 
to yellow brown tidoir 

Very Rood 


Source: i p Bc-wbe and 3 K Mukherjee 1994, Texttxmx of SwI Stiencp„ ^eimd Eddies, Tau McGraw Hill 


3.2: Rock related information 


3.2.1: Infiltration characteristics of rocks 


Parameter 

1 

Type of rock 

Recks that permit initiation 

PDIW 5 rocks.: (Sandstone, chaft, stale) which uortsin pores 

Fervtoos rooks: ICarbowferous limestone. triable) which 
have Cracks nr joints through yvhich water ran infiltrate: 

Rocks that permit 
some infiltration 

FfacLiwed, fissured, weathered fbasalt, quartzite, giteiss, 
slate K schist) 

Recks that permit no infiltration 

Masshe nocks Igranrte. iMSalt) that are imperious 


Source: Anon . 7 <X 17. Manuel t?n Artificial recharge of groundwater' Central Ground Water 
BO aiU Mew Delhi 


3.2.2: Porosity of rock materials 


Rocks 

Porosity 

Limestone, dolomite: 

5 - 50 % 

Karst: 

5 - 50 % 

Saisdsfcflfl- 

J -30% 

Shale 

:0 -10% 

CfysSalline rock: 

D-1D% 


Source: rrwiE and Cheny 1979, 

http ttftwv poumacwr OC^012/drinfcir*gw^ Hydrobgy ParlZ ndl 

tfc viewed in March 2Dt 2 “ ' 


4. PHYSIOGRAPHIC INFORMATION 


4.1: Suitability of rainwater harvesting structures based on physiography 


Parameter 

Area.;, more suited for storage 


.Area* sfcriats fc* storage or recharge 


Type of terrain 

Hilly areas are more sifted for storage structures as 
the recharged water is likefy to travel down & the 
vaUey. 

Coastal areas: Where dw groundwater is shaftow 
and sakte, more surtabfe tor storage. 

Desert areas: Low raniall that may be absorbed by 
the thek sandy layer, 

Plains art Suited Pgr both ^Kiliarge and Storage. 




Sotirtir Centre for Silence and Environment, Nevv D*U\i 
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5 . DESIGN RELATED INFORMATION 


5_1 Rainwater harvesting potential (ready reckoner) 


Rainfall (mm) 

250 

350 

460 1 

550 

650 

750 

850 

1 1 

950 1050 1150 

1250 

Water harvesting potential at 0.6 run-off coefficient (kite litre) 

Rooftop sre3 |aq m} 




r 







100 

20 

23 

36 

14 52 

60 

65 

7$ 

84 

92 

100 

200 

40 

56 

72 

SB 

104 

120 

136 

152 

163 

134 

200 

300 

60 

34 

108 

132 

156 

180 

204 

223 

252 

276 

300 

400 

30 

112 

144 

176 

203 

240 

272 

304 

336 

363 

400 

500 

100 

140 

180 

220 

260 

300 

340 

3SG 

420 

460 

500 

600 

120 

168 

216 

264 

312 

360 

408 

456 

504 

552 

600 

700 

140 

1% 

252 

308 

364 

420 

476 

532 

593 

644 

700 

300 

1M 

224 

233 

352 

416 

430 

544 

603 

672 

736 

800 

9D0 

ISO 

252 

324 

396 

468 

540 

612 

684 

756 

823 

M0 

iOOD 

200 

260 

360 

440 

520 

6 m 

630 

760 

340 

020 

1000 

i 


Source: Anon 2QG7, MamuaJ ut* GftifiQdt recharge of grajrTdWettfj Cemral tjmurvd Water Boa^d, Nw Delhi 


6. WATER USE 


6.1. Central Public Health and Environmental 
Engineering Organisation (CPHEEO} norms 


Parameter 

LltTH/l p er wn/d a i ly 

Drinking 

3 

Coohaig 

4 

Saving 

20 

Bushing Itcatets) 

40 

Cutties 

25 

Washing utensils 

20 

Gardening 

23 

Total 

135 




Source: Central Public Health jnd Irwirqnmental Engineering Organfeaftan (CPHEEO), Union minify 0? 
urban development Government of India 


6,2 Water use for a family of 5/day based on informal citizens' survey 


Activity - Low end u ae 

Unit uwge/perwn 

Ut re* 

Hashing [15 litres/bucket) 

i2 buctfets/P^rson) 

150 

Brushing teeth wrth the tap eft (5 persons ) 

1 frtre/person 

5 

Washing clothes 

Per day 

120 

Car wasting using a bucket 

Per day 

10 

Flushing toi+e-t 16 llfres/flush! 1 

5 times/'persfin 

150 

gardening with bucket 1 1 5 fttres/btEkatli 

14 buckets) 

60 

Dnnking & cccrting 

6 litres/persnn 

30 

Washing uteftsils Itwice 3 -Clary! 1 

50 litres/wasti 

100 

Moping (with bucket) 

Per day 

20 

Personal hygiene 

(6 irtresydersonl 

3fl 


Source Centre Jo? Science 3f«d Environment, New Delhi 
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ANNEXURE 2 

Noting down information for your RWH sysrtem 


RAINWATER HARVESTING SYSTEM 
Information booklet 

Name of pw&on: „ „ . . 

Typp of Project: U Residential fj Institutional p Industry D Commerce □ OH*r 

Namft ol EMiiltfingi/projtcl 

Address; ^ 


Cl,y - PIN 

State 

PtlCflS irpii , 

Emafi 


1* WATER DEMAND PROFILE 


' 

Type of building* 

Purple 

No of users 

Water uted/diiy 
{JitrQf) 

Water UNd/yEar 
| kflolrtre] 


Drinking 





Cooking 





Bathing it personal iiygwie 





Toilets 




Washing utensils 




1 

Washing dnfhes 





Household cleaning 





Cat wash 




Gaftiejwig 





Process use 




— 1 

Qtlwr 





Pfoles -SHfOOiiHaJ. md-.j^riijl, ithod, institutional, hospital, educational arvd utherb 
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2 . SOURCE OF WATER 


Source 

Numlwr 

Quantity of water 
used (monthly) 
[kilo Ntro!' 

Purpose Quality 

used for* of water 
jvaidbte* ■ 

Monthly 
expanses 
Incurred (R&f 

Muracipal Supply (of hours ^ u P p K, /rj ay /wj e k'l 





Groundwater lot hours of Ewnping/^MeW 





1 — i 

War lung nonets 






Tanfter supply Luf taflfceiVteeW 






Other source- (Pis specify: Fg Pondl 






Tats 







Worn -F 3 - potable uie, IM - non potable use, 0 - gardening, * *MfctactDry i ml MtirfacttHy ^specify smell. muu, bacteria, 

non, flnuride, nitrate orsenir etc. if any) 


3. CATCHMENT AREA DETAILS 


TVpe 

Description 

Numb Or 

Length \m\ 

Breadth [m) 

Area |sq m) 

Material of catchment* 

Root tel 

Flat 





















Sloping 





















Total At 






1 

Pawd area M 

Drfww^/ctMirtyard 




















Total A2 






Unpaged area Id 

LawrYgroufld 





















TrtN A3 

— 






GRAND TOTAL [a*b-*5] 






Motel: *C foment concrete; T tiles, M: metal Gl ^heet A: asbestos. 


4. RAINFALL DATA DETAILS 


r- 1 

S No 

Mama of m#tMitHoftieaE EtabOfl 


1 

Average annual rainfall (awn) 


2 

3 

4 

PeSfe hourly rainfai (Intensityl (mm/hourt 


Nijnber oF rainy day-!: iPfOl 


Numaja - nt dry day£ (Nol 


5 

Spell of the scarcity period (Ncl 
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5. GEOLOGICAL AND HYDRO-GEOLOGICAL INFORMATION 


Description 

S^H-specFflc Information 


Typt snir fticl<| □ Sandy _| Clayey 

“I Loam □ Any other 1 specify) 


Type of node ^tjcJO 

Fractured 

Massive 

WBaftered 

OouitfwatEr toWe level fm 

[10 years ago] 

IS years ago| 

^cufnentj 

Dep-^i ol porous Strata (m bgll Ifrom borehole IngJ 




Amount nf h yotF^alfr wrtiKfrawals kid4tr*/day 




■view nf bncewells llitres/hour) 





6. WATER DEMAND 


a 

Number pF persons 


fnumberi 

b 

Per capita water coemption 


litre s/day 

c 

Total water requirarmret for 1 day 


a J b 

d 

Number of scarcity days 


^nunberl 

p. 

Therefor? total Water demand For scarcity period m the year 


c T d 

f 

EMsting water supply 


iitres/year 

U 

Municipal supply 

cum/day 

nm/year 

t2 

Grrajndwater 

cuny'day 

cunyVear 



Total enisling supply 



J? 

Met dem&iti to be fueled from rainwater harvesting 


ef 
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ANNEXURES 3 

Knowledge bytes on rainwater harvesting 


Tin* Witter eyrie: This is she cun Limit) us cycle nf 
movement of water within the ear ill. Water 
evaporates from the earth, condenses in the 
atmosphere, fails as rain and finally reaches the 
ocean as rivers, coastal run -of! and fire tin d water 
Hows. The entire process is driven by Lhe energy of 
the sun. 

liain gauge: '3 his is an instrument lhal measures 
rainfall. The tipping bucket rain gauge is one of the 
commonest used, consisting of a ’bucket’ with two 
tiny compartments mounted on a fulcrum 
(balanced like a sec-saw l of equal capacity. This 
assembly is located underneath the rain 
4 precipitation! collector, wide 3 1 funnels il into the 
bucket. Water is collected in one compartment and 
as it becomes overbalanced, it tips over. Ham water 
is now collected in the other compartment, which 
follows the same procedure. The time of each Lip is 
recorded In real time using dal a loggers . A good 
tipping bucket instrument records volumes ofO-i- 
E.s.5 mm/tip. 

Rainfall intensity: The Intensity of rainfall is 
normally inversely proportional to its duration. 

When i he rainfall intensity is greater ihnre is also 
greater run -off. Il is usually measured In 
miUlmeLres ur inches per hour. I Rainfall intensity - 
Volume of rainwater/Dur.ation of rain fall I . 

Groundwater: This is water found beneath the 
earth’s surface in soil pore spaces and in die 
fractures of rock formations It tail be found in sand, gravel, silt* day, sedimentary rucks* 
limestone bods or oven in impermeable rocks sue h as granite when such rocks are weathered 


An earJy rain guage 

The earliest record of the measurement 
of rainfall through rain gauges is found 
in Kautilya's Arthasastr3 (400 BC), In 
Kautilya's words, "In front of the store 
house r a bowl (fcunda) with its mouth as 
wide as an araini (about IB inches) shall 
be set up as a rain gauge/ 1 The rain 
gauge was called varsbaman, Kautilya set 
up a network of rain gauges across the 
country. 



Dugwells in ancient India 

Excavations in Mahenjodaro and Harappa are proof of how 
advanced ancient Indians were in the use of groundwater as far 
back as 3,000 Bt. It is said that there were more than 700 wells in 
Mohenjodaro, some of them fifteen metros deep, built with special 
trapezoid bricks (to prevent collapse by the pressure of the 
surrounding soil}, and maintained for several centuries. Many of 
these wells were found in private houses. Although the Indus river 
cut across the city* it is clear that river water was not used for 
drinking purposes. Rather, it took in all the sewage. Drinking water 
was taken from wells. 
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or fractured. On the surface of the Barth, it ran bo seen in wells and as springs. The water 
percolates downward in response to gravity or differences in pressure. 

t nil It rat in nr Is the entry of rainfall nr surface water into tile soil aL the ground surface. 

Infiltration rate. Tin 1 maximum rate at which any soil is capable of absorbing water under give]] 
conditions is called the infiltration rate. It is high at the beginning of the rainfall session 
i50 mm/hour) and decreases as rain continues at a steady rate f 15-20 mm/hourh 

The infill-ration rale depends upon; 

* the duration and Intensity of rainfall, 

* weather characteristics and soil conditions, 

■ vegetal cover. 

* initial wetness-, 

* depth of groundwater table, 

* Sand use. 

In urban Situations where vegetation has been removed and replaced hy impermeable surfaces, 
there is less infiltration and more run-off into sLurm water drains (see below). 


Rural Urban 



Percolation: The process by which water, after infiltration Into the soil, moves downward or 
laterally through openings or fissures or fractures within the rocks in response to gravity or 
differences in pressure, if there is an impermeable layer of rock below, then die water moves 
laterally and joins the stream flow. When there is no impeding layer, the water percolates into 
the ground and bn i Ids up the groundwater table. 

Groundwater zones: The Vadose zone lor unsaturated zone) is the layer of soil that contains both 
water and air. The top portion of Lhis zone is called the root zone and contains the roots of plants, 
animal and worm burrows. Below that is the capillary zone, followed by the saturated zone, 
where all the open pores are Jllled with water. The surface of the saturated zone is known as the 
water table. The availability of groundwater depends on the ability of rocks and soils to receive, 
hold and yield water. 

Groundwater flow: Groundwater moves from areas of recharge - from rain or snnw - to areas 
E>f discharge, such as springs, lakes or oceans. It moves slowly, often only hit: lies in a day, and 
□lay take years to reach its natural discharge zone. Aquifers are not only storage zones hm 
pathways for the How of groundwater. 
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Fractured aquifers 



Properties of aquifers 



Well torted porous grains 



Well sorted 



Poorly flartfcd 


lle(burgi! iiiid discharge: I here i.s a constant Iwa-way movement within liie groundwabir. It is 
recharged by rainfall and river and lake waters Groundwater is also discharged into wells, 
rivers* lakes, wetlands and nrcans. 

Aquifer: An aquifer is underground rock or soil that stores large amounts of water without loss 
through evaporation or pollution. Ii yields water and allow movement of water under certain 
conditions, 

fractured aquifers: 1 hose are rocks in which groundwater moves through cracks , joints or 
fractures in otherwise solid rock. Examples of fractured aquifers include granite, basal l and 
limestone. 

Depletion of aquifer: When the extraction of water exceeds the recharged volume of water, 
aquifers get depleted. This overuse of the ground water is called groundwater mining. 

What makes a good aquifer? 

The properties of ihe materials lit at make up die aquifer as well as that of the aquifer iLself are 
important considerations for recharge as they determine how quickly and In what direction the 
water will move through the aquifer The properties of an aquifer will depend on the nature of 
ihr soil and the nature of rucks that make up Lbe aquifer. 

Aqoitanh: Zones that either restrict or completely block the movement of groundwater between 
aquifers and are made up of layers of day or non -porous mrk with low hydraulic conductivity. 
An aquilard that is completely impermeable is called an aquiriudo or aquifugrV 

Huron fined aquifers: An unconfined aquifer is exposed to the surface, but lias an underlying 
confining layer. It has both a saturated zone as weU as an unsaturated zone. Tile top of die 
saturated zone is called the water table which is subject to atmospheric pressure. It receives 
recharge directly from the surface. 
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Confined aquifers: These are overlain and underlain by impermeable rock mass. The confined 
aquifer receives recharge from distant sources. The ability of the aquifer to hold water of a 
confuted aquifer is much lower than that of an imconfincd aquifer. 

Consolidated aquifers: These are made up of material dial is closely packed or cemented 
together such as limestone, fractured rock or soft sandstone. 

Unconsolidated aquifers: These are made up of loose material such as sand, pebbles and gravel, 
in hilly terrain, aquifers will usually be unconsolidated alluvium. 

Porosity: The number of pores per unit volume of soil or rock is called porosity ; Tile porosity of 
a rock or soil determines bnw much water can he held in it. Soil with a large number of spaces 
between particles lias a 3 sigh porosity. 

Permeability: Permeability defines the ability of soil or rock to transmit the flow of water. 
Permeability depends on the number of spaces and how well they are interconnected. It also 
depends on the size and shape oT grains, their uniformity and distribution. 

Very high permeability may mean that, there will be high discharge of stored water and hence 
not suitable for storing water in the aquifer Moderate permeability is ideal for recharging the 
aquifer for use at a later lime. Alluvium, sand dunes, fractured or weathered rocks are good for 
recharging the aquifer. Porosity together with permeability makes a good aquifer. 

Thickness and area of the aquifer: The greatest volume and rates of recharge will he obtained 
when Lhe underlying strata consist of thick formations of porous and permeable sand or gravel 
or porous or cavernous rocks. 

Soil texture: Soil texture is determined by the varying proportions of differently- sized particles. 
The main types of soil textures are sand, loam, silt and clay. 
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A resource list 


AHMEDAOAD 

Raj Irritech Pvt Ltd, 

Plot No. 427, Road No. TO, G1DC Kathwada, 
Phase II, Ahmedabad - 382 430. 

Gujarat- 

Phone : 079 22901634/36, 

http VAViVWrraj i rritech .com/raj-group, htm I 

(Contact for pop-up filters) 

Chapter 8: Filter systems 

Ashutosh Bhatt, 

Dhobim Pol, 

Ahmedabad, 

Gujarat. 

Phone; 079 22142314 

(Traditional water harvesting system) 

Chapter 16: Case study: Residence of 
As-utOsh Bhatt 

Vipul Shah, 

Secretary, 

Rimanagar Cooperative Housing Society, 
Satellite Road, Ahmedabad, 

Gujarat. 

{Recharge of groundwater) 

Chapter 11: Case study: Bimanagar 
Cooperative Housing Society 

PRAVAH r 

<5-2 Rafcsha Apartment, 

Himatlal Park Road, 

200 Azad Society, 

(Near Satellite Road), 

Ahmedabad - 380 015 
Gujarat. 

Phone: 079 26762590, 26763984 
{Recharge of groundwater) 

Chap 11: Case study: Bimanagar 
Cooperative Housing Society 

Centre for Integrated envelopment, 

1 Nee I gag an Tower, Management Enclave, 
Vastrapur, Ahmedabad - 380 01 5, 

Gujarat. 

Phone: 91 79 40O34739, Mobile: 9426104739 
E-mail: cf id ah med a bad @y a hoo.com 
{Recharge of groundwater) 

Chapter 11: Case study; Bimanagar 
Cooperative Housing Society 

BENGALURU 

S. Vlshwanath, 

Rainwater Club, 

1022, 6th Block, 1st Floor, HMT layout, 
Vidyaranyapura Main Road, 

Vidyaranyapura, 

Bengaluru - 560 097, 

Karnataka. 

Phone; 060 41672790 
bttpitfWww. rain water cl ub.org 


(Contact for Varun filters) 

Chapter 8: Filter systems 

Rainy filters, 

#648, tlih Cross, 7th Block, Jayanagar, 
Bengaluru - 560 0S2. 

Phone; 060 26 766252 
Website: www.rainyfjlters.com 
{Contact for Rainy filters) 

Chapter ®: Filter systems 

A R Shiva Kumar, 

Senior FelFow and Principal Investigator - RWH, 
Karnataka State Council for Science and 
Technology, 

Indian Institute of Science, 

Bengaluru - 560 012. 

Phones; 080 23341652, 23346848, 21343849 
Website : http://kscst.QrgJ n/rwh . htm I 
(For information on pop-up filters) 

Chapter 8: Filter systems 

John Fowler {India) PVt Ltd, 

Plot No 6 S 6R 

Bommasandra Industrial Area, 

Hosur Road, 

Bengaluru - 560 099, Karnataka. 

Phone: OSQ 27836794 
E-mail: jfiNfrsnltom 

(industrial unit, maintaining groundwater levels) 

Chapter 13: Case study; John Fowler India 
(P) ltd 

Dr G G Chandanken 

Technology Informatics Design Endeavour (TIDE) 

No : 19, 9th cross, 6th main 

Malleswarem, Bangalore - 560 003 

Phone: 080-2331 5656 r 23462032 

Website: www.tide-india.org 

(Industrial unit, maintaining groundwater levels) 

Chapter 13: Case study: John Fowler India 

(P) Ltd 

Jay a wan th Bharadwaj, 

Rainbow Drive 
Sarjapur Road 
Bengaluru, Karnataka. 

Phone: 9845831499 

E-mail : jaya wa nth_b#hot ma i Lcom 

{Harvesting using stormwater drains) 

Chapter 11: Case study: Rainbow Drive 

Blome Environmental Solutions Pvt Ltd 
No 1022, VI Block, HMT Layout 
Vidyaranyapura, 
bengaluru - 560 097. 

Phone: 080 41672790, 080 23644690 
E-m ai I ; water@b iome-so I ut ions.com 
(Harvesting using stormwater drains) 

Chapter 11: Case study: Rainbow Drive 
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BHOPAL 

Brijesh Nemdeo, 

AMBER, 

134, Mandate ini Society 
KolarRoad, Bhopal 462042 
Madhya Pradesh 
Phone: 99?7003476 
{Contact for Amber filters) 

Chapter 8 ; Filter systems 

M K Khanna, 

Secretary, Friyadarihini Heights Residents 
Association, 

F 2, Priyad arshins Heights, 

G-3 r Gulmohur Colony, 

Bhopal, 

Madhya Pradesh, 

Phone: 0755 4291 1 42 
{Recharge of groundwater in absence of 
municipal supply. Put a stop to tanker supply in 
multi-storeyed apartment complex} 

Chapter 11: Case study; Priyad rash ini 
Heights 

BHUBANESWAR 

Buchlka Social Service Organisation (RSSO) 

37 31 /A Sriram Nagar, Samantarapur 

Bhubaneswar - 751 002 

Odisha 

Phone: 0674 2340746, 2340583 
(No municipal supply, slum area}} 

Chapter 14: Kargil & Suka Vihar 

CHENNAI 

R Ramani, 

T 050, 4 1st Street, 

TNHB Colony, 

Korattur P 

Chennai - 400 060, 

Tamil Nadu. 

Phone: 044-26523310 
ra ma ni5343#ya h ooxom 

Chapter 1 Q: Quality of rainwater 

The Principal, 

S1SHYA, 

New No 2 r Padmanebha Nagar r 
Adyar, Chennai - 600 020 r 
Tamil Nadu. 

Phone-91 -44-24912652 
E-mail: sishya^sEshya.cOin 
(Recharge and improvement of quality of 
groundwater in school) 

Chapter 12: Case study; Sishya 

Mangalam Balasubrameniam, 

Exnora Green FammaL No 14 r 7th Street, 

Sri Sankara Nagar, Pammal, 

Chennai - 600 075, 

Tamil Nadu. 

Phone: 09444392970 

E mai I : ma ngala m _ balas u bramani an^y ahoo. com 
(Revival of tank, citizen's efforts} 

Chapter 15: Arkeeswarar-Suriammam 

Temple Tank 


DARJEELING 

The General Manager, 

Hotel Cedar lnn r 

Cedar Inn, Dr Zakir Hussain Road, 

Darjeeling - 734 101, 

West Bengal. 

Phone: 0354 2254446 
E -mail : cedari nn@satya m .net . in 
{Harvested rainwater mainstay for 
all no n-potato I e uses) 

Chapter 13: Case study: Hotel Cedar Inn 
DEWAS 

Rajneesh Londhey, 

Vinayak Water Solutions, 

190-C K ala ns Bagh, AB Road, 

Dewas - 455 001. 

Madhya Pradesh. 

Phone: 9693700410 

E -mas Ir vi nayak watersoi ution ©gma i I xom 
(Contact for Vinayak filters) 

Chapter 8: Filter systems 

GAD AG 

Gopal Krishna Acharya {Arch a k), 

Shree Veeranarayana Temple, 

Agrahar, 

Gadag-582 101, 

Karnataka, 

Phone: 8372235129 

(Quality of well water has improved and 
is used for all ritual purposes) 

Case study; Sri Veer Narayan* Tempi* 

GURGAON 

Rakesh Goyal 

Manager, Safety and Environment, 

Honda MotoCorp, 

69th KM stone, Delhi Jaipur Highway, 

Daruhera - 122 100, 

Reward Haryana. 

Phone: 01274 242 Bl 1 35 r 24329295 
{Maintaining groundwater levels with extensive 
network of rainwater harvesting structures at 
industrial unit) 

Chapter 13: Case study: Hero MotoCorp 

HYDERABAD AND SECUNDERABAD 

Or M M Sharma, 

19, Hastinapur Colony, 

Near Sainikpuri Post Office, 

Secunderabad - 500 094, 

Andhra Pradesh. 

Phone: 040 23296161 ertn 2170 
Chapter G: Storage 

Ms Bahita M. Ingewar 

Manager, P and A 

Cygnus Microsystems (P) Limited, 

93 Phase II, 6DA r Cherlapally, 

Hyderabad - 500 051. 

Andhra Pradesh 
Phone: 040 27261326 
E-mail: toabita#cygnusmicroxom 
Chapter 5: Preparing your budget 
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INDORE 

Or V N Shroff 

17, Laid Ram n agar, Indore, 

Madhya Pradesh. 

Phon^i 9425900896 

(Recharge completely reversed decline of 
groundwater) 

Chapter 11: Case study: Farmhouse of 
V N Shroff 

Mrs Omprakash 5harma 
W A-TQ/5cheme No 94, Ring ftoad East, 
Pipliyakumar Circle, Dewas Nall ah, 

Indore - 452 010, 

Madhya Pradesh. 

Phone- 0731- 4064864-66 

(Using stored rainwater with care has stopped 

tanker water supply) 

Chapter 11: Case study: Residence 

JAMSHEDPUR 

The Principal, 

Kerala Public School, 

Road No 17, Jawahar Nagar, 

Mango, Jamshedpur - 832 1 1 0. 

Phone: 2462458, 653341. 

(Recharge of defunct well) 

Chapter Case study: Kerala Public School 

JODHPUR 

Dr Rajesh Kumar Goyai, 5r Scientist, 

Central Arid Zone Research Institute, 

Jodhpur - 342 G03 r Rajasthan. 

Phones: 0291 2788789, 9474470251 

(Farm for research purposes, needs high quality 

of water for plants) 

Chapter 12: Case study: Central Arid Zone 
Research Institute 

Kr. Kami Singh, 

Mehrangarh Museum Trust, 

Mehrangarh Fort, 

Jodhpur, 

Rajasthan- 

Phone: 9414410552 

(Traditional water harvesting system) 

Chapter 16: Case study: Mehrangarh Fort 

JUNAGADH 

Amrish Bhai D Vaishnav, 

Old IMagar VVada, 

Hethan Faiia, 

Junagadh r Gujarat. 

(Traditional Water Harvesting System) 

Chapter 11: Case study: Resi derive of Amrish 
Bhai Valshnav 

Unit Manager, 

CMSU - WAS MO, 

Junagadh, 

Gujarat. 

Phone: 0285 2654105 
E-mail: jdh.dwst@gmail P com 
(Drinking water) 

Case study: Drinking water (Institution) 


KOCHI 

Community Health Centre 
Government Hospital 
Angamaly PO 
Kochi 

Kerala 683542 
Phone: 0464 2455950 
(Drinking water) 

Chapter 12: Case study: Angatnaly 
Government Hospital 

Peter Thettayil; 

Executive Director 
The Andhyodaya 
MC Road, Angamaly 683572 
Ernakulam Dist. 

Kerala 

Phone: 0484-2453548,3254881 , 09368607010 
and hyodaya@g ma il .com 
(Drinking water) 

Chapter 12: Case study: Angamaly 
Government Hospital 

St Mary's Church, 

Koramhadam, 

Kadamakudi, 

Kochi, 

(Rainwater used for potable purposes) 

Chapter 12: Case study: St Mary's Church 

KOLKATA 

Arvind Sarkar, Mall Incharge 

Gariahaat Mall 

Site office. Parking basement 

Jamir Lane, Ballygunge 

Kolkata -700019 

West Bengal 

Phone: 033-24613502, 9830391162 
(Used for arrconditioning cooling systems) 

Chapter 13: Case Study: Gariahaat Mall 

Ran jit Gupta 

Interdesign, 220/2, Pandit id Road Extn. 

Kol kata-70002 9 

West Bengal 

Phone: 033-24660625 

E-mail: rana jlt@cal.vsnl.net. in 

(Used for airconditioning cooling systems) 

Chapter 13: Case Study: Gariahaat Mall 

N K Kanodia, 

3BA/1, New Road, 

Alipur, Kolkata, 

West Bengal. 

(Used for laundry in residence) 

Chapter 11: Case study: Residence of NK 
Kanodia 

Dr Mohlt K Ray, 

Vasundhara, 

10 5 second Road, Eastern Park, 

Park Santoshpor, 

Kol kata-700075, West Bengal. 

Phone: 033 24165389 
E-mail: mKsg^calZwsnl.netln 
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(Revival of lakes) 

Chapter 15: Case study: Baghajatin & 
Kajipukur lakes 

Asis Sark at, 

Secretary, 

Baghajatin Lake Unnayan -0-Tran Samity, 
A/127/1 Baghajatin Pally, 

Kolkata - 700 092. 

West Bengal 
(Revival of lakes) 

Chapter 15: Case study: Baghajatin & 
Kajipukur lakes 

A R Chakra borty. 

Treasurer, 

Ka ji Pukur Unnayan 5 amity 
A/32/2 Baghajatin Pally, 

Kolkata - 700 0B2 . 

Phone: 033 241276*9 
(Revival of lakes) 

Chapter 15: Case study: Baghajatin & 
Kajipukur lakes 

MADURAI 

Mr Parmesh, 

Site in-charge, site office, 

Shanti Msketan Residential Enclave, 

-Madurai, Tamil Nadu. 

Phone: 9643326583 
(Regulations) 

Chapter 3: Policy and Practice 

N Arunachaiam 

Plot No 99, Justice Shire, 

5hri Jaya Vilas Gardens, 

Kadachenandal r 
Madurai - 625 107, 

TamH Nadu. 

Phone: 0452 3204711 
(No municipal supply) 

Chapter 11: Case study: Residence of N 
Arunachalam 

MANGALORE 

Sister Jerald ine 
Somarpann Convent, 

Genera late of the Ursuline Franciscan Sisters, 
'Somarpann 1 , Panir, 

Derlakatte PC 574 160, 

Mangalore, Karnataka. 

Phone: 0824 220 2803 

E-ma it: jerald ineufsQ rediff m ai I .com 

(Rainwater harvesting system built-in into the 

system) 

Chapter 12: Case study: somarpann 
Convent 

MUMBAI 

Principal, 

Jamnabai Narse School 
Juhu Narsee Monjee Ehavan, 

Ns? see Monjee Ma-rg, 

NrS- Road No. 7, JVPD Scheme, 

Viie Parle (West), 


Mumbai - 400049, Maharashtra. 

Phone: 022 26187575 

(Rainwater harvesting has cut down water costs) 

Chapter 12: Case study: Jamnabai Narsee 
School 

U M Paranjpe, 

ialvardhini Pratishthan, 

t r Janki NiwaS, G ok halo Road (North), 

Dadar, Mumbai, 

Maharashtra. 

Phone: 9820788061 

E-mail: paranjpe,ulhas@gmaiLcom 

(Rainwater harvesting has cut down water costs) 

Chapter 12: Case study: Jamnabai Narsee 

School 

Prabodhan Krida B ha van 

Sidharth Nagar, Goregaan 

Mumbai - 400 014 

Phone: 022 -28797582-83 

E-mai I : kri da bhavan® prabodhan.org 

(Reduction of water use from munciapl supply 

and recharge of aquifer) 

Chapter 14: Case study: Recreational places 
(Prabodhan Krida Bhavan, Mumbai) 

Sandeep Adhyapak, 

Water Field Technologies, 

C-16, Golden Willows, 

Vasant Gardens, Near Swapna Nagari, 

Mulund (W), Mumhai - 400 080. 

E -mail : waterf ieldi n d la@gm ai I .com 
Phones: 022 21 64333 K 3821340043 
(Reduction of water use from munciapl supply 
and recharge of aquifer) 

Chapter 14: Case study: Recreational places 
(Prabodhan Krida lhavan, Mumbai) 

MU5S0QRIE 

Harshada P Worah, 

Hotel Padmini Nivas, 

The Mall, MussOOfie - 248 179. 

Uttarakhand. 

Phone 0135-2631 083/2 630092 

Chapter 6: Storage 

Stephen Alter, 

Oakville, 

Mussoone- 248 179, 

Uttarakhand. 

E-ma i I : Stephen A1ter@woodstock.ac. i n 
(Supplements municipal supply) 

Chapter 11: Case study: Residence of 
Stephen Alter 

MYSORE 

H Ramesha, 

No 3 r Bank Colony, Bogadi, 

Mysore - 570 026, 

Karnataka. 

Phone: 9481169733 
E-mail: hebbale@gmail.com 
(Drinking water, individual house) 

Chpater 11: Case study: Drinking water 
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NEW DELHI 

Vandana Me non, 

2, Nixamuddin East 
New Delhi - 1 10 D13. 

Phones; 0111 4350B 13/2305, 9631095242 
(Stop waterlogging by capturing rainwater 
flowing in stormwater drains) 

Chapter 11: Case study: Nizamuddm (East) 
colony 


RAJKOT 

The Municipal Commissioner, 

Rajkot Municipal Corporation, 

Dhebarbhai Road, 

Rajkot - 360 00 1 

Phone; 0281 2239973 

E-mail; me rmc@rmc.govJn 

Chapter 14: Case study: Race Course. 

Rajkot 


StilLLONG 

Mr G Pariyat, 

State Office, 

General Administration Department* 

Bartk Point, 

Shillong 793 001 
Meghalaya. 

Phone: 0364 222 2462 

Chapter 11: Case study: Deputy Chief 

Minister's house. Shillong 


Sarvagya Srivastava, 

Chjef Engineer, 

Parliament Civil Work Zone. 

Farlrament Complex, 

Pandit Pant Marg, New Delhi - 1 10 001, 

Mobile: 98107 04614 

Chapter 12: Case study: Rashtrapati 8 ha war 

Ravin dr a Yadav 
Chief Engineer, 

Indian Spinal Injuries Centre, 

Sector - C r Vasant Kunj. 

New Delhi 11C070 
Phone: 011 42255234 
E ■ mail : ra vi nde risk @ya hoo,com 
Chapter 12: Case study: Indian Spinal 
Injuries Centre 

Dr 

Ms Neeta Anand 
C-486, Defence colony, 

New Delhi, 

Phone: 011 2465662 
(Using stormwater drains) 

Chapter 11: Case study: Defence Colony 

Project Director, 

Nizamuddin Urban Renewal Initiative, 

The Aga Khan Development Network, 

K-15 Jungpura extension, 

New Delhi - 110 014. 

Phone; 011 40700720, 43717792 
www, niza mud din re n e wa I .org 
(Revival of urban water body) 

Chapter 15: Case study: Nizamuddin Batvli 

PUNE 

jyoti Parse, 

iyoti Parse and Associates, 

82 0/2 Runanuhandh Manas lane. 

Off Ebandarkar Institute Road, 

Pune: 411 004, 

Maharashtra. 

Phone: 020 25672994 

Chapter 4: Planning and designing 

Comprehensive Water Management Solutions 
Pvt Ltd (CWMS), 

820/2 Runanubandh Manas lane. 

Off Bhandarkar Institute Road, 

Pune: 411 004 
Maharashtra. 

Phone: 020 25672994 

Chapter 4: Planning and designing 


SH I MIA 

Indian Institute Of Advanced Study 
Rashtrapati Nivas, 

Shim la - 171005 

Himachal Pradesh 

Phone: 0177 2830006 

email; directoriias^gmail.com 

(Pre- Independence, British-built, rainwater 

harvesting system constructed with the building) 

Chapter 12: Case study: Rastrapati Nivas 


Headmaster, 

Bishop Cotton School, 

Shimla - 171 002, 

Himachal Pradesh. 

Phone; 0177 2620680, 2620990, 

E-mail ; head master@b isho pcotton .corn 
(Fotable use during rainy season, non-potable 
uses at all other times) 

Chapter 12: Case study: Bishop Cotton 
School 

TH I RUVANANTKAPU RAM 

Project Coordinator - , 

Malankara Social Service Society, 

St Mary^s Compound, 

Pattern, 

Thiruvananthapuram - 695 004, 

Kerala, 

Phone : 9447660420/0471 2552892 

E mail: inf offlimss.org 

(Water for all non-pot able purposes) 

Chapter 12: Case study: Malankara Social 
Service Society 


Sri Aditya Raghunath Dy manager 
Sri Rangji Mandir, 

Yrindavan 2S1121 
Uttar Pradesh 
Phone: 0S65 2442787 
(Controlling water logging) 

Chapter 12: Case study: 5ri Rangji 
Mandir 
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CONTACT DETAILS OF GOVERNMENT 
INSTITUTIONS 

AHMEDABA 0 

Ahmedabad Urban Development Authority, 
Sardar Valiabhbhai Patel Sankul, Usmanpura, 
Ashram Road, Ahmedabad - 3B0 0l4 r 
Gujarat. 

Phone - 079 2754505V54 
urban^euda.org.in 

BENGALURU 

Public Relations Officer 

Bangalore Water Supply and Sewerage Board 
1st & 2nd Floor, 

Cauvery Bhavan, 

K G Road, 

Bengaluru - S60 009. 

Help desk numbers - 0B0 23341652, 23348848, 
23348849 

http;//www, bwssb.org/ra inwater_h arvesti ng .htm I 

Rainwater Harvesting Cell, 

Karnataka State Council for Science and 
Technology, 

Indian Institute of Science, 

Bengaluru - 560 012. 

Phones; 0B0 23341652, 23348848, 2334SB49 
Website ; http://kscst. org dn/rwh ,html 

BHOPAL 

Officer-in-charge, 

City Planning Department, 

Building Permission Section* 

Bhopal Municipal Corporation, 

6 Wo Bus Stop, Shiveji Nagar, 

Bhopal. 

CHENNAI 

Rainwater Harvesting Cell, 

TWAP Board, 

1, Kama raja r Salai, 

Chennai - 6Q0 005. 

Senior Hydrogeo I ogisf, 

RWH Cell/tMWSSB, 

No 1, Pumping Station Road, 

Chintadripet, Chennai - 600 002. 

Website: che n na i metro water, tn . nic. in 


HYDERABAD 

Rainwater Harvesting Cell, 

Hyderabad! Metropolitan Water Supply and 
Sewerage Board, 

Khairatabad, 

Hyderabad - 500 004, 

Andhra Pradesh. 

http^/www. by de ra bad water, gov. i n/wwo/Ui/ra i nw 
aterharvesting.aspx 

INDORE 

Gty Engineer's Office, 

Rainwater Harvesting Cell, 

Indore Municipal Corporation, 

Pa Irka Plaza, MTH Compound, 

Indore. 

MUMBAI 

Rainwater Harvesting and Water Conservation 
Cell, 

Municipal Corporation of Greater Mumbai, 
Municipal Head Office Annexe, 

3rd Floor, Mahapatika Marg, 

Mlumbai -400 001 = 

Email: aerwhbmc%ahooxo.in 

Website: msg m.govJn/l n ititai ves/Rai nwater 
harvesting 

NEW DELHI 

Executive Engineer (Rain Water Harvesting), 

Delhi Jai Board, 

Room No.1 1 r Varunalaya Ph-l r 
Wear Jhandewafcan Mata Mandir, 

Karol Bagh, New Delhi - 110 005. 

Help Desk Wo; 23558264 a 23678380-82 Extn 227 
http^/www.d elh i .gov. i n/wps/wcm/co n n ect/doit_d j 
b/D J B/Home/Rain+Wete r+H arvest i n g7 
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"A time will come when even 
t urban citizens In 
tgacities will be using their 
roofs for capturing rainwater 
i say this because we are 
rapidly polluting ah our rivers 
and groundwater systems 
with agricultural chemicals 
and industrial poisons, ” 
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